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ophthalmologist’s library. The pictorial represen- 
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in the fundi are supplemented by a lucidly and 
concisely written text. The colored photographs 
and drawings illustrating the important features of 
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jects. The exact bibliographic refer- 
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titles in the original language, while 
titles under subjects are all in Eng- 
lish. The index also includes a 
listing of journals, addresses and 
publishers. 


SUBSCRIPTION PRICE $25.00 PER YEAR 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a 
year; volumes are cloth bound and 
cover periodicals for six months as 
indicated on the publication. These 
two volumes will be a convenient 
and inclusive reference for current 
medical literature. Invaluable for 
practitioners, specialists, teachers, 
editors, writers, investigators, stu- 
dents and libraries. 


CANADIAN AND FOREIGN $27.00 PER YEAR 
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Now you can do a visual 
field examination in 5 minutes! 


The new Multiple Pattern Field Screener provides a simple, 
rapid screening test for visual field defects. 


The Screener contains cards which test specific areas of the 
visual field during quarter-second black light flashes. Results 
are remarkably accurate. Improved pattern series Number 2 
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Write for complete information at no obligation. 
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for the 
OPHTHALMOLOGIST 


. is an indispensable 


| and the Kronlein operation. 
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brane or other adjacent soft tissue. 


Illustrating use of the 
lliff Trephine for dacry- 
ocystorhinostomies. 


aid in performing dacryocystorhinostomies 


This efficient bone saw combines these latest 


Illustrating use of the 
small sectioned blade in 
cutting a bony flap in 
the lateral orbital wall. 


ORTHOPEDIC FRAME COMPANY 
420 ALCOTT AVENUE 
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O Send me ab and 


print by Charles E. 
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PRICE: Ophthalmologist Unit Group 
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Here is the common-sense answer to the 
psychological problems of the early presbyope.. . 


Every refractionist is faced from time to time with 
the early presbyope who views multifocal lenses 
as a sign of encroaching age. While not a 
physical problem, it is nevertheless an important 
psychological one, not at all limited to those 
who by virtue of profession (such as theatrical 
people), must not show their dependence 

upon presbyopic aids. 


After years of clinical research, laboratory 

experimentation and testing, a fool-proof form of 

invisible-segment lens has been perfected—the 
Younger Seamless Bifoeal. 


The Younger Seamless Bifocal is a one-piece 
achromatic lens with the reading curve on the 
anterior surface. The usual dividing-line formed 
by the segment edge is obliterated by a precisely- 
calculated transition curve between the 

J distance and reading curves. While this transition 
ra area, which varies in width with the reading 
bY power, has no therapeutic value, neither does it 
/ create a disturbing factor in the patient’s vision. 


Most important from the refracting standpoint is 

the fact that a clear, sizable, prescription- 

perfect reading area is provided, with a readily- 

neutralized, undistorted distance area... and 

there is no apparent sign of the usual dividing- 
line between the two powers! 


Younger Seamless Bifocals are available in Adds 
from +0.75D to +3.00D, in White, Tint #1 

and Green #3, through your optician or 

supply house. Technical information and a demon- 
stration lens will be sent you upon request 

direct to any authorized Younger supply house. 


1829 South Main Street, Los 15, 
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by Samuel M. Feinberg, M.D., 6 pages, 10 cents 
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The “well-informed” patient can help you, by 
helping himself. For reliable information on this subject, 
HE AR | have your patients read: 
HEALTHY HEARTS 
A collection of Hygeia articles: The War Against Heart Dis- 
DISEASE eases Still Rages, Hearts in the Breaking, Preventing Heart 


Attacks, Heart Diseases of Middle Life. 
20 pages, 20 cents 


STROKE 


‘ e e . In relation to overweight, hardening of the arteries, high blood 
an *ndiscriminate pressure, blood clots, diabetes. 
a by William W. Bolton 
8 pages, 15 cents 


iller, HEART ATTACK 


Covering types of attacks, symptoms, relief and heart diseases. 
by Walter Modell 


12 pages, 15 cents 


touching 


A KITCHEN FOR THE “TAKE-IT-EASY” COOK 


Designed for the cardiac housewife, but the work-saving ideas 
can be applied in any kitchen. Illustrated. 

the young by Anna May Wilson 
16 pages, 20 cents 
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BUREAU OF HEALTH EDUCATION 
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THE MENACE OF ALLERGIES 


PROVING ONE OF THE GREATEST TIME SAVERS 
For Busy Ophthalmologists 


#.O. V. specially designed 


VISIONATRE 
REFRACTION 
CABINET 


Designed by people who know ophthal- 


mologists’ needs, styled by a quality 
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C. WILBUR RUCKER, M.D., Rochester, Minn. 


The course of the fibers of the optic 
nerves through the chiasm—the crossing of 
the medial fibers and the noncrossing of the 
lateral fibers—accounts for the bitemporal 
visual loss due to chiasmal lesions and the 
homonymous visual loss due to postchiasmal 
lesions. Much of perimetry is based on this 
arrangement. 

Medical historians agree that the earliest 
published account of a partial crossing of 
the fibers of the optic nerves at the chiasm 
appears as a modest “Query” in Isaac New- 
ton’s “Opticks,’’ ? which was first published 
in 1704. The concept was entirely original 
with Newton. For several years I have 
been curious about the background of his 
thinking. How did he happen to be inter- 
ested in the crossing of the optic nerves? 
What information relevant to the subject 
was available to him? What was the opinion 
of his contemporaries about it? 

Newton (1642-1727) (Fig. 1) was a 
mathematician and physicist at Cambridge 
and had no more acquaintance with anatomy 
than any other educated person of his day. 
Andrade? records that he took his degree 
at Cambridge early in 1665. In the autumn 
of that year the great plague, which was 
raging in London, caused the University to 
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The Concept of a Semidecussation of the Optic Nerves 


Fig. 1.—Isaac Newton, from a portrait by God- 
frey Kneller. (Reproduced by permission of the 
Earl of Portsmouth, from the Newton Ter- 
pag Celebrations of the Royal Society, Lon- 
don, Cambridge University Press, 1947.) 


close, and Newton went back to live at the 
isolated little house at Woolsthorpe where 
he was born. Here he spent most of his 
time until the spring of 1667, when the 
University reopened and he returned, being 
then 24. Newton is throughout his life an 
enigmatic figure, but nothing is more extra- 
ordinary than his development in the period 
from 1663 to this spring of 1667, that is, 
during the Woolsthorpe period and the time 
at Cambridge immediately preceding it. 
Newton was always so secretive that we can- 
not say definitely that at the earlier date 
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he had done nothing extraordinary, but we 
can say that there is no evidence that he 
had done so. By the time of his return to 
Cambridge it is tolerably certain that he 
had already firmly laid the foundations of 
his work in the three great fields with which 
his name is forever associated—the calculus, 
the nature of white light, and universal 
gravitation and its consequences. 

In the year 1669 Newton was appointed 
Lucasian Professor of Mathematics at 
Cambridge and started to lecture on optics. 
He spoke in Latin, and at times his class 
numbered no more than one or two students. 
His notes were deposited in the archives of 
the University and were not published until 
1729, under the title “Lectiones Opticae.” 
By 1675 he had done the bulk of his work 
on optics. Andrade? comments, “Optics 
was, perhaps, Newton’s favourite study— 
his ‘Opticks’ was the last considerable sci- 
entific work that he produced, and his most 
daring speculations were put forward in the 
Queries appended to this work.” 


Appended to the first edition (1704) of 
Newton’s “Opticks” are 16 “Queries,” ex- 
tended to 31 in the second and succeeding 
editions,*® concerned with matters not 
proved, but proposed “in order to [stimu- 
late] a further search to be made by others.” 
The first 11 queries deal with light and heat; 
the 12th through the 16th deal with various 
aspects of vision. The 15th query asks if 
it is not true that fibers from the left halves 
of both optic nerves (and the corresponding 
parts of the retinas) enter the left side of 
the brain, while fibers from the right halves 
of both optic nerves enter the right side of 
the brain. Newton offers no explanation of 
how he happened to reach such a conclusion. 
His Query 15 follows. 

Are not the Species [images, in modern ter- 
minology] of Objects seen with both Eyes united 
where the optick Nerves meet before they come 
into the Brain, the fibres on the right side of both 
Nerves uniting there, and after union going thence 
into the Brain in the Nerve which is on the right 
side of the Head [the right optic tract, in present 
usage], and the fibres on the left side of both 
Nerves uniting in the same place, and after union 
going into the Brain in the Nerve [optic tract] 
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which is on the left side of the Head, and these 
two Nerves meeting in the Brain in such a manner 
that their fibres make but one entire Species or 
Picture, half of which on the right side of the 
Sensorium comes from the right side of both 
Eyes through the right side of both optick Nerves 
to the place where the Nerves meet [chiasm], and 
from thence on the right side of the Head into 
the Brain, and the other half on the left side of 
the Sensorium comes in like manner from the left 
side of both Eyes. For the optick Nerves of such 
Animals as look the same way with both Eyes 
(as of Men, Dogs, Sheep, Oxen, &c.) meet before 
they come into the Brain, but the optick Nerves 
of such Animals as do not look the same way 
with both Eyes (as of Fishes and of the Chame- 
leon) do not meet, if I am rightly informed. 

Newton had written his “Opticks’’ many 
years before its publication and had con- 
ducted most of the experiments as long as 
25 years earlier, but he had withheld publi- 
cation until after the death of one of his 
harsh critics, Robert Hooke, for he detested 
controversy. Newton, himself, has been de- 
scribed as “neurotic, fearful of exposing his 
thoughts, his beliefs, his discoveries to the 
criticism of the world. His peculiar gift 
was his power of holding continuously in his 
mind a purely mental problem until he had 
seen straight through it. It was his intuition 
which was extraordinary. The proofs were 
dressed up afterwards.” * 

Newton’s attention had been called to the 
subject of binocular vision by a paper en- 
titled “A New Theory of Vision,” commu- 
nicated to the Royal Society of London on 
March 15, 1682, by his friend Dr. William 
Briggs ® (1650-1704), a successful London 
physician from whom Newton obtained 
much of his knowledge of anatomy. Briggs, 
in his paper, denied any mixing of fibers of 
the two optic nerves. His drawing is re- 
produced as Figure 2, and his words follow. 

For that the nerves decussate or cross one 
another, or that they are so blended together in 
their union, as to cause a confusion in their fibres, 
is not to be imagined; but those that are in the 
thalami optici on the right side run distinctly to 
the right eye, and those on the left accordingly. 
In many fishes the case is clear, where the 2 nerves 
are joined only by simple contact, and in the 
camelion not at all, as is said. 

Within the next few months Newton 
addressed to Briggs two letters which have 
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Fig. 2.—Briggs’s drawing to illustrate his theory 
that there is no mixing of fibers of the optic 
nerves. (From Philosophical Collections, No. 6, p. 
167, 1681-1682, abstracted in Philosophical Trans- 
actions of the Royal Society of London, 
Abridged.*) 


been preserved. In the first he merely indi- 
cated that he questioned some of Briggs’s 
opinions and intended to discuss them at 
their next meeting. The second letter, a 
long one, dated Sept. 12, 1682, takes excep- 
tion to Briggs’s theory that fibers in the 


optic nerves vibrate like chords under ten- 
sion, and includes the following provocative 
statement. 

But you will say, how is this coincidence [of 
the pictures from the two eyes] made? I answer, 
what if I know not? Perhaps in y* sensorium, 
after some such way as y°® Cartesians would have 
believed or by some other way. Perhaps by y* 
mixing of y® marrow of y® nerves in their junc- 
ture [that is, at the chiasm] before they enter the 
brain, the fibres on y® right side of each eye going 
to y® right side of y* head those on y® left side to 
y® left.’ 

Here, apparently, is Newton’s first intui- 
tive insight into the crossing of half the 
fibers of the optic nerves at the chiasm. 

Some time later, in an unpublished manu- 
script, the date of which is not recorded, 
Newton expanded this theory and illustrated 
it with a diagram (Fig. 3), which he ex- 
plained as follows. 

Now I conceive that every point in the retina 
of one eye, hath its correspondent point in the 


other; from which two very slender pipes filled 
with a most limpid liquor do, without either inter- 


Rucker 


Fig. 3—Newton’s diagram showing a partial 
crossing of the “slender pipes” of the optic nerves. 
(From Brewster,’ p. 433.) 


ruption or any other unevenness or irregularity in 
their process, go along the optic nerves to the 
juncture EFGH, where they meet either betwixt 
GF or FH, and there unite into one pipe as big as 
both of them; and so continue in one, passing 
either betwixt IL or MK, into the brain, where 
they are terminated perhaps at the next meeting of 
the nerves betwixt the cerebrum and cerebellum, 
in the same order that their extremities were 
situated in the retina’s. And so there are a vast 
multitude of these slender pipes which flow from 
the brain, the one half through the right side 
nerve IL, till they come at the juncture GF, where 
they are each divided into two branches, the one 
passing by G and T to the right side of the right 
eye AB, the other half shooting through the space 
EF, and so passing by X to the right side of the 
left eye af. And in like manner the other half 
shooting through the left side nerve MK, divide 
themselves at FH, and their branches passing by 
EV to the right eye, and by HY to the left, com- 
pose that half of the retina in both eyes, which is 
towards the left side CD and y8.” 


This appears to be the foundation on 
which Query 15 was based. 

One wonders what Newton may have 
learned of the optic chiasm from his read- 
ing and from talking with his contempo- 
raries. He possessed a personal library and, 
as a professor of mathematics at Cambridge, 
would have had access to the library of the 
University. Any works available during the 
latter part of the seventeenth century could 
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have come to his attention and are pertinent 
here. 

For many centuries the meeting of the 
optic nerves had been a subject for specu- 
lation and controversy. The anatomic meth- 
ods then available had failed to disclose the 
reason for the joining of the nerves or the 
course of the fibers where they joined. 
Philosophers and physicians conjectured as 
to whether the optic nerves merely touched 
in their course between the eye and the 
brain or whether they actually crossed to 
the opposite side, as they did in some ani- 
mals. 

The writings of the Greek physician 
Galen (about A. D. 130-200) indicated that 
as long ago as the second century men had 
wondered about the chiasm. Galen, whose 
style is prolix and often obscure, seemed 
to believe that there was no crossing of 
fibers of one optic nerve to the opposite side 
of the brain. 

As translated by Dr. John R. Miner,” 
Galen wrote as follows. 


. originating in difterent places, [the optic 
nerves] unite with each other but afterward di- 
verge from each other again. .. . For [Nature] 
has not interchanged them, leading that which 
originates on the right to the left eye and that 
which originates on the left to the right eye, but 
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Fig. 4—Arabic representation of the optic 
chiasm dating from the 11th century. (Reproduced 
with permission of the publisher from Figure 8 in 
Polyak,* The University of Chicago Press, 
Chicago. ) 
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the shape of these nerves is very like the letter X. 
If anyone should dissect them rather carelessly, 
he would perhaps believe that they  inter- 
changed. . .; but this is not true; for when they 
met within the cranium, they united their courses 
and then again separated, indicating clearly that 
they came together for no other reason than that 
they might unite their courses.” 

The oldest extant pictorial representation 
of the optic chiasm, dating from A. D. 1083, 
is preserved in a copy of the “Book of 
Optics” by the Arabian Ibn al-Haitham, 
or Alhazen (A. D, 965-1039), at Istanbul, 
Turkey. Reproduced in Figure 4, it is per- 
haps a copy from an older, probably orig- 
inally Greek, diagram. Polyak,’* from 
whose text this Figure is reproduced, has 
left a brief, scholarly account of this and 
other Arabic diagrams and of contemporary 
notions of the visual process. 

The earliest existing anatomic illustration 
of the optic chiasm was drawn in 1504 or 
a little earlier by the Italian Leonardo da 
Vinei (1452-1519).1* Leonardo had noth- 
ing to say regarding a crossing or a non- 
crossing of the optic nerves at the chiasm. 

Some scholars of the time were aware of 
the problem, however, as was the anatomist 
Vesalius © (1514-1564), whose illustration 
of the base of the brain is reproduced in 


Fig. 5.—Vesalius’ illustration of the base of the 
brain, including the optic chiasm. (From Vesa- 
lius,” p. 511, Plate 48.) 
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Figure 5. The reader should bear in mind 
that in Vesalius’ terminology the optic 
nerves were the “first pair,”’ that they arose 
from the ventricles of the brain, passed 
forward in what are now known as the 
optic tracts, met, and then separated and 
extended forward to the eyes. His com- 
ments may be translated in part as follows. 

... Each nerve of the first pair, under the base 
of the brain where it rests on the sinus in which 
is the gland which excretes the pituita from the 
brain, is led forward somewhat obliquely, the 
right nerve extending toward the left and the left 
toward the right. And then both come together 
and are intermingled so that in no way can you 
separate the right from the left. So much so, 
indeed, that it would be wholly fruitless to attempt 
to determine whether in this junction the right 
nerve remains on the right side or is led to the 
left side by an uninterrupted connection. 

Vesalius then goes on to describe two 
cases he had seen at necropsy which fur- 
nished evidence that the optic nerves remain 
on their own sides throughout their entire 
length, from the substance of the brain to 
the eyes. 

A young man from Patavium, whose right eye 
had been dug out by a public torturer a year ago, 
was executed by hanging and henceforth used for 
public dissection. Later it fell to our lot to get a 
woman having the same ailment, that is, her right 
eye atrophied from childhood, her left healthy. 
The woman’s right optic nerve looked much thinner 
than the left one throughout its whole course, not 
only outside the cavity of the skull but also at its 
origin and in the right part of the union of the 
nerves [chiasm]. In addition to being thin the 
right nerve also appeared harder and redder than 
normal. In the young man, likewise, the right 
nerve was not equal to the left either in thickness 
or in softness. 


Jean Riolan (1577-1657), whose work I 
have not been able to consult, is quoted by 
Briggs * as stating that the fibers of the optic 
nerves do not cross. Riolan was a professor 
of anatomy at Paris, a follower of Galen, 
and he was opposed to any changes in 
ancient classic theories."® 

The French philosopher, René Descartes !* 
(1596-1650), whose concept of the visual 
system is reproduced in Figure 6, postu- 
lated that the two retinas are represented 
in the brain separately, the left retina in 
the left cerebral ventricle, the right retina 


Rucker 


Fig. 6.—Descartes’ concept of the representation 
of the retinas on the ventricles in the brain and 
their transmission to the pineal body. (From 
Descartes,” Fig. 50.) 


in the right cerebral ventricle. According 
to his concept, the images were transmitted 
from the ventricles to the pineal body, which 
presided over the brain and the body and 
was the seat of the soul. 

According to Mettler,’* Descartes’ theory 
of neural action depended on his belief that 
the nerves were hollow tubes which transmit 
a sort of juice (animal spirit) from the 
brain to all parts of the organism. His 
work in physiology had no real value, for 
it consisted merely of speculations based on 
writings of the ancients, and he owed much 
to Galen for his anatomy. Newton was 
acquainted with the publications of Des- 
cartes. 

Dr. Thomas Willis '® (1622-1675), who is 
said to have enjoyed a fashionable and lu- 
crative practice in London, published an 
anatomy of the brain in Latin in 1664 and 
in English in 1681. The illustrations were 
by the famous architect, Christopher Wren. 
In Figure 7 is reproduced their first draw- 
ing, on which are represented the optic 
chiasm and the arterial circle which bears 
Willis’ name, although it had been described 
several years earlier, in 1658, by Wepfer.?° 

Willis speculated that fibers of the optic 
nerves are united or mixed at the chiasm 
for the purpose of fusing the images of the 
two eyes and preventing double vision. In 
his words, 

The growing together of these [the Optick] 
Nerves, and their being again separated, seems to 
be ordained for this end, that the visible species 
[images, in modern English], received from either 
Eye, might appear still the same, and not double; 


for this conjunction of the twofold Organ frames 
the double image into one; which once united, 
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Fig. 7.—Willis’ base of the brain, showing the 
optic chiasm and the arterial circle. (From Willis,” 
p. 62, Fig. la.) 


when afterwards it is carried to either side of the 
common Sensory, for that it is on both sides alike, 
appears still the same.” 

The standard textbook on physics and 
natural philosophy in use at Cambridge dur- 
ing the latter part of the 17th century, while 
Newton was there, was that of Jacques 
Rohault (1620-1675), based on the doc- 
trines of Descartes, published first in 
French in 1671,7! and later translated into 
most European languages and, of course, 
into Latin. Rohault’s diagram of the optic 
nerves is reproduced in Figure 8. In the 
following excerpts from an English edition 
of his text,?? the reader will wish to inter- 
pret “Capillaments” as “nerve fibers” or 
perhaps, with Newton, as “slender pipes.” 

The Image of an Object impressed on the Eye 
of an Animal, being received in a Place where 
the Capillaments, of which every Optick Nerve 
is composed, meet each other; it is very probable, 
that this Image is so impressed, that the Rays do 
not move these Capillaments side-ways, but always 
fall directly upon the Extremities of them. To 
which, if we add; That the Impression which is 
made upon the Extremity of every one of these 
Capillaments, is communicated from one End to 
the other, we may conclude, that the Image of the 
Object is transmitted entire to that Place where 
these Capillaments end in the Brain. . . . 

Besides the manifest Resemblance which there 
is betwixt the two Eyes, I imagine there is 
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Fig. 8.—Rohault’s diagram, based on that of 
Descartes. (From Rohault,™ Table VII, Fig. 2.) 


another yet, which cannot be discerned by the 
Senses, which consists in this, that the Number 
of Capillaments in one Optick Nerve, is equal to 
the Number of Capillaments in the other Optick 
Nerve. Thus (to make the Thing easier) if we 
suppose the Optick Nerve of the Eye A to con- 
tain five Capillaments, the Extremities of which 
are CDEFG;; it is reasonable to think, that there 
is the same Number in the Nerve of the Eye B, 
the Extremities of which are HIKLM. I imagine 
also, that the Extremities E and K, which are in 
the Middle of the rest, are exactly at the End of 
the Optick Axes, that is, at the Ends of the Lines 
TE, VK, which pass through the Centers of the 
Pupil, the Chrystalline Humour, and the Body of 
the Eye; and that the rest are placed so regularly 
about these, that we may take separately all the 
Capillaments of one Eye in order, and associate 
them with those in the other Eye taken in the 
same Order, so as to make up a great Number of 
Pairs, which may be called Sympathetick: Thus 
beginning with the Capillaments C and H, which 
are most on the Left Hand, I make them the first 
Pair; the other Pairs are DI, EK, FL, GM. I 
am also of Opinion, that each Pair of Sympathetick 
Capillaments end in the same Point of that Part 
of the Brain which raises a Sensation in the Soul; 
as you see in the Figure, where the Pair CH 
meet in the Point O of the principal Organ X, 
the Pair DI in the Point P, the Pair EK in the 
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Point Q, the Pair FL in the Point R, and the 
Pair GM in the Point S. 

This being supposed, I conceive that when we 
would look upon an Object, we turn our Eyes to 
it in such a manner, that the two Opticks Axes 
meet at the Point which we fix our Attention 
principally upon. Thus the Rays TE, VK, coming 
from that Point, and falling upon the Sympathetick 
Capillaments E and K, the two Impressions which 
they make there, are reunited in one Point only, 
viz. in the Point Q. So likewise the Part of 
the Object which is on the right Hand, shakes 
the Sympathetick Capillaments D and I, the Im- 
pressions of which are carried to P. And again, 
the Part of the Object which is on the left Hand 
acts upon the Sympathetick Capillaments F and 
L, and their Impressions unite in the Point R, and 
so of the rest. So that though there be two Images 
impressed upon the Eyes, yet there is but one im- 
pressed upon that Part of the Brain X, which we 
here suppose to be the immediate Organ of Vision. 

Comparison of the diagrams of Descartes 
and Rohault with that of Newton, which 
is reproduced in Figure 3, discloses that the 
essential difference lies in the location of the 
crossing fibers. Descartes and Rohault 
showed them within the brain; Newton 


moved them forward into the chiasm. This 
was Newton’s contribution, new and orig- 


inal. 

Never again, so far as I can determine, 
did Newton mention the crossing of the 
optic nerves in any of his writings. He 
made no attempt to prove his hypothesis, 
nor did he suggest for it any immediate 
practical use. For him it merely helped to 
explain single vision with two eyes. 

Newton’s mention of the chameleon in 
the last sentence of his Query 15 is curious: 
“ the optick Nerves of such Animals 
as do not look the same way with both Eyes 
(as of Fishes and of the Chameleon) do 
not meet, if I am rightly informed.” He 
was not rightly informed, for in these ani- 
mals the optic nerves decussate completely 
at the chiasm, where they are divided into 
several bundles.2* His statement follows 
closely that made by his friend, William 
Briggs, in his “New Theory of Vision” be- 
fore the Royal Society of London March 
15, 1682: “In many fishes the case is clear, 
where the 2 nerves are joined only by sim- 
ple contact, and in the camelion not at all, 
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direction of Claude Perrault in 1669.” 


as is said.” When Newton commented on 
Briggs’s paper in his letter of Sept. 12, 
1682, he noted Briggs’s reference to the 
chameleon as follows: “If you say y* in y*® 
Camaelion & ffishes y* nerves only touch . . .; 
Tis true, but makes altogether against you. 

” Newton’s Query 15 is based in large 
part on the contents of this letter (previ- 
ously quoted) and includes even the inci- 
dental reference to the chameleon. 

Why should the chameleon be brought 
into the discussion? It is a type of lizard 
native to Africa, Arabia, and India, but 
not found in England (Fig. 9). Briggs 
mentioned it first, and it seems to have 
caught Newton’s fancy too, although they 
both appear to question the reliability of 
their sources of information. Both had un- 
doubtedly read of it in Pliny’s “Natural 
History,” which was then the standard 
encyclopedia. Written about A. D. 70-79, 
it had passed through many copyists and 
many printed editions and had been trans- 
lated into English in 1601,?4 with a second 
edition in 1634. Pliny’s description of the 
chameleon is copied almost word for word 
from the “History of Animals” written in 
the fourth century B. C. by Aristotle,?5 who 
described it as follows: 

The chameleon resembles the lizard in the 
general configuration of its body .... Its eyes 
are situated in a hollow recess, and are very large 
and round, and are enveloped in a skin resembling 
that which covers the entire body; and in the 
middle a slight aperture is left for vision, through 
which the animal sees, for it never covers up this 
aperture with the cutaneous envelope. It keeps 
twisting its eyes round and shifting its line of 
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Fig. 9—Chameleon as depicted by the French Ps 
Royal Academy of Sciences in a report under the a 
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vision in every direction, and thus contrives to get 
a sight of any object that it wants to see. 

Neither Pliny nor Aristotle in these 
translations mentions the optic nerves of 
the chameleon. 


A study by the French Royal Academy 
of Sciences on the comparative anatomy of 
the chameleon, beaver, dromedary, bear, and 
gazelle had been published in Paris in 1669 
under the direction of Claude Perrault.*® 
Later editions appeared in 1671, 1676, and 
1682. An English translation by Pitfeild ** 
was published in 1688 with an appendix 
“which contained measurements of the earth 
by the French Academy of Sciences which 
were of the utmost importance to Newton 
in his investigations.” Had Briggs and 
Newton read page 26 of this work carefully, 
they would have learned that the optic 
nerves in the chameleon do meet: 

The Optick Nerves were not so short, that the 
Brain should be continued and fastened to the 
Eyes, as Aristotle describes them. They were not 
likewise as Panarolus represents them, who sayth, 
that they do proceed separately from the Brain, 
but do not joyn agaim; for there were two 
Eminences in the Brain, which were the Origine 
and first part of the Optick Nerves; and these 
Eminencies after joyning, separated into two 
Strings eight Lines long a piece, and inserted into 
the Ball of the Eye out of its Axis, as is usual. 

Perhaps Briggs obtained his misinforma- 
tion from the published work of Panarolus 
( ?-1657), a professor of anatomy at Rome, 
who is mentioned in the foregoing quota- 
tion. A copy of his text was not available 
to me. 


The first to apply clinically the concept 
of a semidecussation of the optic nerves 
were Abraham Vater and J. Christian 
Heinicke,?* in 1723. Through clinical ob- 
servations they arrived at the same conclu- 
sion as Newton, with whose work they do 
not appear to have been acquainted—at least 
they do not mention it in their publication. 
As the original edition of their thesis was 
not available (the copy in the National 
Library of Medicine, Washington, D. C., is 
reported to have been lost) I have relied on 
a reprinting of it by Haller ** and on the 
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assistance of friends in translating the 
Latin, 

The title reads, “Two extremely rare 
faults of vision are explained, one of them 
double vision, the other halved vision, con- 
sidered as to physiology and pathology.” In 
their “Casus II’ they report on three cases 
of “halved vision of objects, contracted 
through grief,” as follows: 

A plethoric young man, endowed with a noble, 
frank, and agreeable spirit, and well-born, ac- 
customed to continual companionship, decided 
several years ago to stay some while in a place 
remote from the pleasing intercourse of friends 
and adverse to the inclination of his nature. Our 
friend, in no wise used to being alone, bore this 
discontentedly and wearied his spirit greatly with 
fretfulness and sad meditations. Falling, moreover, 
into the abuse of sour and harsh new wine, he 
found himself afflicted by a hypochondriac dis- 
position, obstruction of the bowels, and precordial 
anxiety to such a degree that hardly through a 
quarter of an hour had he power to read attentively 
or meditate on anything, even though standing 
at the time. A state of things came about that he, 
who from other days had devoted himself to paint- 
ing miniatures, while occupied with painting a 
picture so tiny as hardly to exceed the size of a 
penny [obole], strained his sight too much; the 
vision suddenly became disordered, and he perceived 
darkness spreading before his eyes. By this all 
objects which his eyes observed were divided in 
half as if cut through the middle, so that whether 
he looked at anything with both eyes together or 
with one or the other closed, he saw but half, 
the other half entirely escaping his sight. His 
spirit was not a little perturbed by this strange and 
uncommon condition, especially when he found it 
continuing for some time. The symptom persisted 
hardly beyond an hour or two, however, and 
afterwards vanished of itself, without use of any 
remedy. 

But we know also that in a hypochondriac and 
scorbutic woman likewise indulging in bouts of 
heavy wine and disagreeable tendencies of spirit, 
and by long-lasting sorrow being led into frequent 
weeping, the same condition continued through the 
whole of six months, and afterwards, the mind 
being freed of cares, little by little abated. 

The third example of this divided vision was 
given us by a noble lady from whose own mouth 
we heard, at that same time we were engaged 
in preparing this dissertation, that she herself was 
very often affected in such wise that she saw all 
objects only as halves of themselves, especially in 
such time as she was with child; the symptoms 
nevertheless did not persist long, but soon passed. 
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After lengthy rambling, Vater and Hei- 
nicke arrive in their “Thesis XIII” at this 
clear statement on the semidecussation of 
the optic nerves: 

Wherefore we have reasonably concluded that 
the optic nerves are not so much superficially 
joined, but rather in their coalescence their fibers 
decussate and unite, so that these same nerves, 
after separating again, are divided in two equal 
segments corresponding to the cerebral hemi- 
spheres; and thus the right side of the tunica 
retina in either eye receives fibers from the right 
hemisphere, and the left side from the left; and 
so the eyes, owing to the equal distribution in the 
tunicae retinae of the fibers coming from the 
optic nerves, accord with each other in the act of 
vision. This truth seems the more agreeable to 
us, seeing that otherwise superficial conjunction 
of the optic nerves would have no special use- 
fulness, as we should judge; and especially be- 
cause, as we have shown, without decussation of 
fibers in these nerves divided vision can in no way 
be explained. 

The publication of Vater and Heinicke 
has been abstracted and discussed by 
Pravaz *® and by Foerster.*® 

The first illustration of the semidecussa- 
tion of the optic nerves to be published ap- 
peared in 1738 in a book by an itinerant 
quack, the Chevalier John Taylor ** (1703- 
1772), entitled “Le Mechanisme ou le nou- 
veau traité de l’anatomie du globe de l’oeil.” 
The drawing is reproduced as Figure 10. 
Taylor’s explanation of it is too verbose and 
lengthy for reproduction here, but the Fig- 
ure does clearly depict a semidecussation 
at the chiasm. 

Taylor was interested in the division of 
the optic nerves as an explanation of single 
vision with the two eyes. He seemed to 
believe that the corresponding halves of the 
fundus of the eyes communicate with one 
another in order to avoid seeing double, and 
supported this opinion by stating “that in 
animals who have their eyes placed at the 
sides of their head the optic nerves do not 
meet in the head as those of man, for ex- 


ample in fishes and many birds. ... A 
communication between their optic nerves 
is not necessary as it is in man... .” And 


then he recalls the chameleon! “But of all 
the animals there is not one which proves 
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_ Fig. 10.—Taylor’s illustration of a semidecussa- 
tion of the optic nerves. (From Taylor, Plate 5.) 


this more clearly than the chameleon which 
turns one eye up and the other down at the 
same time, and which appears to regard 
objects thus situated with the same atten- 
tion.” All this resembles the closing sen- 
tences of Newton’s Query 15. 

Taylor does not quote the source of his 
information on the chiasm. That the con- 
cept of a semidecussation was original with 
him is unlikely; neither would he be ex- 
pected to give anyone else credit. A “cata- 
logue” at the end of his book lists 110 
references, including Briggs’s “Ophthalmo- 
graphia” ** of 1676, but not his “New The- 
ory of Vision” of 1682, in which he 
discussed the chiasm, and some early works 
of Vater, 1704-1706, but not the thesis of 
Vater and Heinicke of 1723, in which they 
presented clinical evidence of semidecussa- 
tion. Taylor did not list a reference to 
Newton; yet he knew something of New- 
ton’s work, for at the close of his earlier 
“Account of the Mechanism of the Eye” of 
1727,58 in which he asks several queries 
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himself, in his Query VIII he refers to 
Isaac Newton’s theory of colors. His dia- 
gram may very well have been based on 
the Query of Newton or the thesis of 
Vater and Heinicke, or on both. 

Taylor's English biographer 

Coats ** describes him as follows. 

an unparalleled liar, pre-eminent among 
charlatans in the arts of advertisement; with a 
natural aptitude for the grand style; rapacious in 
acquiring, profuse, but not generous in expend- 
ing. . . . In professional matters his knowledge 
was good; he was a shrewd observer and not with- 
out original ideas; but his actual practice was 
deeply tainted with the dishonest arts af the quack. 
Many elements go to the formation of the complete 
charlatan—bombast, effrontery, dishonesty, ignor- 
ance. All these qualities Taylor showed in per- 
fection—except ignorance, and this is his chief 
condemnation. 

Taylor traveled over all of Europe, couch- 
ing cataracts and treating diseases of the 
eyes, never remaining long in one place 
and not returning to the same place until 
after the lapse of several years. 


George 


The 18th century, as far as knowledge 
of the chiasm is concerned, was notable 
chiefly for speculations based on the au- 
thority of masters of the past. The more 
important exceptions have been named: 
Newton, Vater and Heinicke, and Taylor. 


Maitre-Jan *° (1650-1730), the Father of 
Ophthalmology in France, wrote in his text- 
book of 1707 (translated from the French) 
as follows. 


The anatomists argue whether there is a union 
of the nerves [optic tracts and nerves, in present- 
day terminology] or a crossing, that is to say, 
whether one of these nerves which arises on the 
right side of the brain passes to the left eye, 
and the one which arises on the left side is inserted 
in the right eye; or a mixture of their trunks; or 
a simple touching. 

Maitre-Jan concluded that their union 
consists of a simple touching, not a crossing 
or a mixing. 

Zinn ** (1727-1759), whose name is at- 
tached to half a dozen structures about the 
eye, offered the opinion (translated from 
the Latin) that “the optic nerves extend to 
the eyes of the same side and are not decus- 
sated reciprocally.” In support of his view 
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he quoted Galen and Vesalius, reading into 
each a more conclusive statement than actu- 
ally appears in their writings. 

Porterfield *7°5 (dates of his life not 
known) in his “Treatise on the Eye” of 
1759 quoted Rohault and copied his diagram 
to demonstrate that “corresponding Fibres 
of both [optic] Nerves are united in the 
same Point in the Sensorium,”’ where a 
single impression is formed. He disagreed 
with Descartes that the locus is in the 
glandula pinealis and also with Willis that 
it is in the corpora striata, preferring to 
believe that the images of the two eyes are 
united in a less specific “Sensorium’’ and 
sensed by the “Mind.” What he was unable 
to explain he ascribed to the will of God. 

Albrecht von Haller *® (1708-1777), in 
his voluminous treatise on physiology, 
raised the question as to the course of 
nerve fibers in the chiasm, quoted several 
authorities, and finally vaguely inferred that 
there is some mixing of their fibers in the 
chiasm. 

Joseph and Carl Wenzel,*® of Tiibingen, 
in 1812, according to Mackenzie,*! demon- 
strated in some measure by dissection the 
semidecussation of the optic nerves. 

A remarkable contribution came from 
William Hyde Wollaston in a paper read 
before the Royal Society of London in 
1824.47 On the basis of two episodes of 
loss of half the vision of each eye lasting 
for about 20 minutes each, he deduced that 
there must be a semidecussation of the optic 
nerves at the chiasm. He had no anatomic 
evidence; after he had reflected on the mat- 
ter a certain arrangement of the optic nerves 
suggested itself. He appears not to have 
been aware of the writings of Newton or 
Taylor or of any others on the subject, for 
his only reference is to Richter’s chapter on 
amaurosis in his “Elements of Surgery.” 
Wollaston (1766-1828) had graduated in 
medicine, but its practice was not to his 
liking, and he gave it up after a few years 
to devote the rest of his life to scientific 
research. He made notable contributions to 
optics, chemistry, acoustics, mineralogy, and 
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astronomy.** The pertinent portions of his 
paper follow : 

Without pretending to detect by manual 
dexterity as an anatomist, the very delicate confor- 
mation of the nerves of vision, I have been led, 
by the casual observation of a few instances of 
diseased vision, to draw some inferences respecting 
the texture of that part which has been called the 
decussation of the optic nerves, upon which I feel 
myself warranted to speak with some confidence. 

It is well known that in the human brain these 
nerves, after passing forwards to a short distance 
from their origin in the thalami nervorum opti- 
corum, unite together, and are, to appearance, 
completely incorporated; and that from this point 
of union proceed two nerves, one to the right, 
the other to the left eye. 

The term decussation was applied to this united 
portion, under the supposition that, though the 
fibres do intermix, they still continue onward in 
their original direction, and that those from the 
right side cross over wholly to supply the left 
eye, while the right eye is supplied entirely from 
hbres arising from the left thalamus. 

In this opinion, anatomists have felt themselves 
confirmed by the result of their examination of 
other animals, and especially that of several 
species of fish, in which it is distinctly seen that 
the nerves do actually cross each other as a pair 
of separate cords, lying in contact at their cross- 
ing, but without any intermixture of their fibres. 

In these cases it is most indisputably true, that 
the eye upon the right side of the animal does 
receive its optic nerve from the left side of the 
brain, while that of the left eye comes from the 
right side; but it is not a just inference to sup- 
pose the same continuity preserved in other 
animals, where such complete separation of the 
entire nerves is not found. 

On the contrary, I not only see reason, from a 
species of blindness which has happened to my- 
self more than once, to conclude, that a different 
distribution of nerves takes place in us, but I think 
my opinion supported by this evident difference 
of structure in fishes. 

It is now more than twenty years since I was 
first affected with the peculiar state of vision, 
to which I allude, in consequence of violent 
exercise I had taken for two or three hours before. 
I suddenly found that I could see but half the face 
of a man whom I met; and it was the same with 
respect to every object I looked at. In attempting 
to read the name JOHNSON, over a door, I saw only 
SON; the commencement of the name being wholly 
obliterated to my view. In this instance the loss 
of sight was toward my left, and was the same 
whether I looked with the right eye or the left. 
This blindness was not so complete as to amount 
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to absolute blackness, but was a shaded darkness 
without definite outline. The complaint was of 
short duration, and in about a quarter of an hour 
might be said to be wholly gone, having receded 
with a gradual motion from the center of vision 
obliquely upwards toward the left... . 


It is now about fifteen months since a similar 
affection occurred again to myself, without my 
being able to assign any cause whatever, or to 
connect it with any previous or subsequent indis- 
position. The blindness was first observed, as 
before, in looking at the face of a person I met, 
whose left eye was to my sight obliterated. My 
blindness was in this instance the reverse of the 
former, being to my right (instead of the left) 
of the spot to which my eyes were directed; so 
that I have no reason to suppose it in any manner 
connected with the former affection. .. . 

In reflecting upon this subject, a certain ar- 
rangement of the optic nerves has suggested itself 
to me, which appears to afford a very probable 
interpretation of a set of facts, which are not 
consistent with the generally received hypothesis 
of the decussation of the optic nerves... . 

It is plain that the cord, which comes finally to 
either eye under the name of optic nerve, must 
be regarded as consisting of two portions, one 
half from the right thalamus, and the other from 
the left thalamus nervorum opticorum. 

According to this supposition, decussation will 
take place only between the adjacent halves of the 
two nerves. That portion of nerve which proceeds 
from the right thalamus to the right side of the 
right eye, passes to its destination without inter- 
ference; and in a similar manner the left thalamus 
will supply the left side of the left eye with one 
part of its fibres, while the remaining halves of 
both nerves in passing over to the eyes of the 
opposite sides must intersect each other, either with 
or without intermixture of their fibres... . 


Wollaston then went on to describe five 
other similar cases that had come to his 
attention, several of which were associated 
with migraine. He wrote no further about 
this theory. Five years later he died as a 
result of a tumor in the right optic thalamus. 

After Wollaston had revived the theory 
of a semidecussation of the optic nerves, 
the idea was accepted and popularized by 
Johannes Miller,44 who showed that the 
lateral fibers in the chiasm do not cross.** 
Dubois-Poulsen ** gives credit to Hannover 
for having demonstrated in 1851 the direct 
and the crossing fibers. During the succeed- 
ing decades anatomists argued about the 
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fibers within the chiasm and a few con- 
tributed new information, especially von 
Gudden,*? Cajal,48 and Wilbrand.*® The 
interested reader will find in a paper by 
Marquez © a detailed account of the diver- 
gent views of the most important writers. 


Summary 


The concept of a semidecussation of the 
optic nerves originated with Isaac Newton 
(1704) and furnished him with an explana- 
tion of single vision with two eyes. Vater 
and Heinicke (1723), a few decades later 
and without knowledge of Newton’s hypoth- 
esis, hit on the same idea and used it as 
an explanation of the phenomenon of half- 
vision. Without knowledge of either of 
these reports, Wollaston (1824), a century 
later, on the basis of his own transient 
loss of vision to one side, also conceived the 
idea of a semidecussation at the chiasm. 
His publication aroused widespread interest 
in the concept and led to its attaining prac- 
tical significance. 

Mayo Clinic. 
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Although many fungus infections of the 
eye and the orbit are never diagnosed, their 
importance is being recognized more and 
more. It seems that fungus infections of the 
eye are observed rather frequently, while 
infections of the orbit occur rarely. 

Baker ! reported two cases of acute orbital 
cellulitis caused by mucormycosis. This or- 
ganism usually is considered nonpathogenic, 
but the author was of the opinion that 
uncontrolled diabetes and leukemia and the 
injudicious use of antileukemic drugs, some 
antibiotic drugs, and cortisone might render 
a patient susceptible to the invasion. The 
role that antibiotic and corticosteroid drugs 
play in the etiology of fungus keratitis has 
not been determined definitely; however, 
there is increasing evidence to indict both, 
especially the corticosteroid group. Mitsui 
and Hanabusa? reported four cases of 
fungus keratitis following topical ophthalmic 
use of a corticosteroid ointment, and Ley 
and Sanders* reported three cases. Anti- 
biotic and corticosteroid therapy had been 
prescribed for each of these patients. 
Frequently, hypopyon ulcer occurs with 
fungus keratitis. 

Fungus infections of the orbit may be 
granulomatous or nongranulomatous in type. 
Granulomatous involvement of the orbit fre- 
quently is manifested by proptosis and 
limitation of movement of the eye, while, 
except for a draining sinus, nongranulomat- 
ous infections may show no signs or symp- 
toms. 


The following four case reports illustrate 
fungus involvement. Two distinct types of 
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Fungus Infections of the Eye and the Orbit 


EVERETT R. VEIRS, M.D., and C. TRUMAN DAVIS, M.D., Temple, Texas 


orbital involvement and two distinct types of 
corneal involvement are demonstrated. 


Report of Cases 
Case 1.—-A farmer's wife, aged 47 years, 
was referred to the clinic on April 21, 1954. 
Moderate proptosis, with limitation of move- 


_ment in all directions, had been present in 


the right eye for several months, and a 
diagnosis of tumor of the orbit had been 
made. 

The conjunctiva was injected nasally. A 
small amount of granulation tissue was 
present in the region of the caruncle, but 
caruncular tissue was absent. Although the 
inner canthal region was indurated, no 
definite orbital tumor could be palpated— 
and the palpation caused mild bleeding. 
Roentgenograms of the orbits were not 
diagnostic, but views of the sinuses showed 
dense clouding of the right frontal, ethmoid, 
and maxillary areas. Cultures from the 
slightly draining inner canthus were nega- 
tive for fungi. 

Jecause the previous diagnosis of orbital 
tumor seemed questionable, the patient was 
observed frequently; however, when no im- 


Fig. 1.—Photograph showing granulation tissue 
at the inner canthus. Most of the orbital tissue 
was replaced by granulation tissue. 
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FUNGUS INFECTIONS OF EYE AND ORBIT 


Fig. 2.—Roentgenogram 
showing dense clouding of 
the right frontal and 
right maxillary sinuses. 


provement occurred, the right orbit was ex- 
plored on Oct. 7, 1954. A vertical incision 
was made into what appeared to be granula- 
tion tissue at the inner canthus. Only an 
indurated mass was found. A skin incision, 


extending from near the inner canthus up- 
ward and laterally over the inner one-third 
of the orbital margin, then was made. After 
incision of the periosteum, the same mass 


of indurated tissue was found. The orbital 
fat seemed to be replaced by granulation 
tissue. There was a large dehiscence in the 
bone separating the ethmoid sinuses and the 
orbit. Several biopsy specimens were taken. 


Fig. 3.—Photomicrograph demonstrating septate 
mycelia in orbital tissue associated with dense 
fibrosis. There was little evidence of other tissue 
reaction. Reduced slightly from mag. X 250. 


The pathologic diagnosis demonstrated by 
frozen section was chronic granuloma. 
Numerous septate mycelia were seen in the 
fixed section. Except for dense fibrosis, 
there was little evidence of tissue reaction. 
The fungus was rather large, and the 
mycelial structures had some of the mor- 
phologic characteristics of an Aspergillus. 
The fungus, however, could not be identified 
by culture. Cultures of the antral washings 
were negative also. 

Large dosages of penicillin and sulfadia- 
zine were prescribed. When the patient was 
last observed, on Aug. 16, 1956, improve- 
ment of the eye was both subjective and 
objective. 


Case 2.—A 28-year-old housewife was 
seen in the clinic on July 9, 1955. For ap- 
proximately six months there had been in- 
termittent swelling and draining from an 
area just above the left eyelid. The area 
had been incised and drained on two oc- 
casions, but the infection recurred. The 
patient lived in an urban community and 
had not been near a farm or farm animals 
for several years. 


Examination revealed induration of the 
skin just inferior to the outer one-fourth 
of the left supraorbital margin. There 
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was slight swelling and tenderness near the 

left temporomandibular joint. In the area 
of induration there was a faint incisional 
scar approximately 1 cm. in length, and by 
slight pressure a small amount of purulent 
material could be expressed. Externally, 
both eyes appeared normal. There was no 
proptosis of the left eye, and the ocular 
movements were normal. The patient had no 
diplopia in the cardinal directions of gaze. 

On Sept. 12, 1955, the infected area was 
explored. After the skin was incised, it was 
discovered that a small dark sinus tract 
extended through the orbital septum. When 
the orbital septum was opened, a small mass 
of friable granulation tissue, extending be- 
tween the periorbita and the bone to near 
the apex of the orbit, was encountered. The 
granulation tissue was removed, the sinus 
tract was excised, and a small rubber tissue 
drain was inserted. This drain was ad- 
vanced and removed on the third postopera- 
tive day. Pathologic examination of the 
granulation tissue revealed large masses of 
Actinomyces. 

Supportive therapy included oral doses 
of potassium iodide, sulfonamide, and 
oxytetracycline (Terramycin). Oxytetracy- 
cline was prescribed for 10 days, but the 
potassium iodide and sulfonamide therapy 
were continued for 8 weeks. Intramuscular 
injections of penicillin were given for one 
month. 

Postoperatively the swelling and tender- 
ness near the left temporomandibular joint 
subsided rapidly. Mild intermittent serous 
drainage from the incision site continued 
for about 15 days, but there was no swelling 
around the lesion and no induration of the 
skin. The skin then healed, and no further 
drainage, swelling, or redness has occurred. 

Case 3.—A 55-year-old man was seen in 
the clinic on March 19, 1956. Six weeks 
prior to admission his right eye had been 
struck by a thorn, and a fragment of the 
thorn had lodged in the eye. For about one 
week after removal of the fragment the eye 
was very painful and sensitive; then the 
pain and most of the redness cleared. 
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About one week before he reported to 
our care, pain, redness, and sensitivity to 
light recurred. These symptoms persisted 
and became progressively worse. Upon ex- 
amination the left eye appeared normal, but 
the right eye was moderately injected. For 
both eyes, the pupils and ocular rotations 
were normal and the fields were normal to 
confrontation. Vision on admission was 
O. D. 20/40, O. S. 20/20. With a Schietz 
tonometer tension was as follows: right eye, 
20 mm.; left eye, 15 mm. A slit-lamp 
examination of the left eye revealed a small 
scar at approximately 2 o’clock, about 2 mm. 
from the limbus, extending through the en- 
tire thickness of the cornea. In the region 
of the perforation, on the posterior surface 
of the cornea, there was a small mass of 
whitish material. This small mass _ had 
numerous very minute filaments extending 
from it into the anterior chamber. There 
was a moderate flare, and numerous cells 
appeared in the aqueous humor. New blood 
vessel formation had occurred on the sur- 
face of the iris. 

It was believed that the patient had iritis 
secondary to the penetrating injury and that 
the small mass possibly was due to vegetable 
material embedded in the cornea. Local 
treatment consisted of atropine (1%), once 
daily; hydrocortisone acetate and neomycin 
sulfate, four times daily, and hot packs. The 
iritis cleared rapidly, but it recurred im- 
mediately when the treatment was discon- 
tinued. Because it was believed that the 
recurrent iritis was due to retained foreign 
material on the posterior surface of the 
cornea, surgical treatment was recommended. 
The possibility of fungus infection was con- 
sidered. 

On Aug. 2, 1956, a split-thickness corneal 
flap was raised around the area of the 
corneal scar, and the foreign material, to- 
gether with a small portion of the surround- 
ing corneal tissue, was removed with a 2 
mm. trephine. The corneal flap then was 
sutured over the defect. The biopsy material 
revealed abscess formation with conglom- 
erates of septate mycelia, but the various 
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FUNGUS INFECTIONS OF EYE AND ORBIT 


Fig. 4—Photomicrograph of wet 


preparation 
from anterior chamber of the eye, showing clumps 


of unidentified septate mycelia. 
from mag. X 600 


Reduced slightly 
cultures did not establish the contaminating 
organism. 

Following surgical treatment, large oral 
doses of penicillin, sulfonamide, and potas- 
sium iodide were prescribed. The penicillin 
was continued for six weeks. 

The patient showed a very rapid and 
uneventful postoperative recovery. There 
was no evidence of postoperative iritis and 
no evidence of fungus growth in the an- 
terior chamber or on the posterior surface 
of the cornea. When he was last observed 
about, three months postoperatively, vision 
in the right eye was 20/30. 


Case 4.—The patient was a 45-year-old 
farmer. In August, 1956, a small foreign 
body lodged in the cornea of the right eye. 
The particle was removed by a physician, 
and topical application of a preparation con- 
taining an antibiotic and hydrocortisone was 
prescribed. Because the condition became 
acute in three or four days after the original 
injury, the patient was hospitalized, and, in 
addition to the topical application, systemic 
administration of the corticosteroid prepara- 
tion was begun. The referring physician 
stated that the patient was kept on corti- 
costeroid medication for “several” days after 
hospitalization. 


The patient was admitted to our service 
on Sept. 17, 1956. In the right eye there 


Viers—Davis 


was pain, light perception was poor, the 
lids were edematous, and the eye was 
markedly injected. Ulceration covered most 


of the cornea, which appeared thinned. 
Tactility, the intraocular pressure felt ab- 


normally high, but, because of the ulceration, 
this was not checked with the tonometer. 
The anterior chamber was filled with yel- 
lowish-white material. nucleation 
considered necessary on Sept. 18, 1956. 


was 


Microscopically, an unidentified fungus 
having some histologic characteristics of a 
species of Mucor was found growing over 
the anterior surface of the cornea and in- 
vading the sclera. Cultures from the anterior 
chamber were negative for fungi or bacteria. 


Summary 


Two cases demonstrating fungus infec- 
tion of the orbit, and two cases showing 
fungus infection of the cornea are presented. 


In both instances of orbital involvement 
the sources of contamination were obscure. 
In Case 1 it would seem most logical that 
the fungus infection first occurred in the 
sinuses and then spread to the orbit. Roent- 
genograms of the sinuses showed extensive 
changes on the ipsilateral side. Surgical 
exploration demonstrated that the bone 
which normally separates the orbit from the 
frontal and the ethmoid sinuses was absent. 
In Case 2, concerning a patient with a 
draining sinus tract from the orbit, it was 
difficult to postulate how this infection oc- 
curred. There was no history of injury 
and no evidence of involvement of the 
paranasal sinuses. The administration of 
penicillin and sulfonamide drugs resulted in 
clinical improvement for both patients with 
orbital involvement. 

The penetrating wound was the obvious 
source of fungus infection of the cornea and 
the anterior chamber in Case 3. It seems 
fairly certain that this fungus was non- 
pathogenic. For this patient the administra- 
tion of corticosteroid drugs seemed to quiet 
the inflammatory process temporarily rather 
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than incite the infectious element. In case 4 
it is possible that the extensive use of the 


corticosteroid drugs, both 


topically and 


systemically, may have aided in the develop- 
ment of the fungus keratitis and caused the 
subsequent loss of the eye. 


Department of Ophthalmology, Scott and, White 
Clinic \ 
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Electromyography—A Tool in Ocular and Neurologic 


Diagnosis 
III, Supranuclear Mechanisms 


GOODWIN M. BREININ, M.D., New York 


Study of a diverse group of supranuclear 
muscle affections has revealed certain un- 
usual and, in some instances, characteristic 
phenomena. The technique has been de- 
scribed in previous publications..* Fre- 
quently noted has been a spindle pattern of 
innervation in the extraocular muscles in 
which the discharge builds up to a peak 
and then declines in a rhythmic fashion. 
This pattern is similar to that seen in the 


observed in sleep (Fig. 1) and have been 
encountered in gaze palsies or deviations. 
The presence of such spindles suggests the 
existence of a supranuclear disturbance of 
motility. The location and nature of the 
generator for such potentials is of course 
unknown. It may be suggested that the 
reticular formation is involved in_ their 
genesis. Pendular nystagmus shows a sim- 
ilar pattern. Saccadic movements and inner- 


Fig. 1—Electromyogram (EMG) of inferior oblique in sleep; 6-year-old child. Spindle 


burst of innervation at intervals. 


electroencephalogram during sleep and bar- 
biturate hypnosis. Motor spindles were also 
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vation are also characteristic of gaze 
disturbances. 


A. Conjugate Deviation 


1. Many cases of conjugate deviation 
have been studied. In all instances a 
saccadic type of version has occurred. This 
has been likened to the jerky movement of 
spastic paralysis in the limbs. The innerva- 
tion closely mimics nystagmus, with simul- 


177 


Fig. 2—EMG in conjugate deviation. Upper 


trace, right medial rectus; lower trace, right 
lateral rectus. A, conjugate deviation, right ; 3 
primary position; C3 conjugate deviation, left, eyes 
closed; D, closed eyes to open eyes—conjugate 
deviation shifts from left to right. 


taneous bursts of motor units producing a 
large amplitude discharge. A very interest- 
woman who had 


ing case was that of 


B, decrementing phase of spindle bursts; 
178 
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Fig. 3—EMG in conjugate deviation masked by third nerve palsy. A, right lateral rectus, 
spontaneous saccadic bursts with no change in ocular position, spindle pattern of innervation ; 


C, decrementing phase showing saccadic inhibition. 


undergone a cerebrovascular accident. 


She 
exhibited a left hemianopia and a conjugate 
deviation to the right, with the appropriate 
levels of innervation to the horizontal recti. 


However, when she closed her eyes there 
was an immediate slightly saccadic conju- 
gate deviation to the left. When her eyes 
were opened they again deviated to the 
right, with many saccadic bursts (Fig. 2). 
This occurred so quickly that it escaped 
observation prior to the electromyographic 
study, although it could be partly observed 
on eliciting Bell’s phenomenon. This case 
bears out observations made by Cogan that 
in conjugate deviations a spastic deviation 
to the opposite side may occur when fixation 
is removed.* 

2. Another case was that of a comatose 
patient suffering from a_ cerebrovascular 
accident. A complete third-nerve palsy of 
the right eye was present. Electromyog- 
raphy revealed severe paresis of the right 
medial rectus, with no activity. The right 
lateral rectus, surprisingly, exhibited a 
spindle pattern of innervation (Fig. 3). Be- 
cause of the frequency of this pattern in 
conjugate deviations, the left eye was ex- 
amined. It was observed that a saccadic 
pattern of movement to the right was pres- 
ent in this eye. It was felt, therefore, that 
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Fig. 4—EMG in oculogyral crisis. Upper trace, right inferior oblique; lower trace, right 
lateral rectus. Crisis begins with simultaneous nystagmus. 


Fig. 5.—EMG in vertical gaze disturbance (oscillations) ; right superior rectus. A, gaze 
up, rhythmic bursts of innervation as eye elevates; B, C, and D, gaze down, show rhythmic 
bursts at different speeds; note spindle pattern. 
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in addition to a lower motor third-nerve 
palsy there was also a supranuclear devia- 
tion to the left. It should be emphasized 
that the conjugate deviation was masked by 
the presence of the lower motor neuron 
paralysis. Such data are of value to the 
neurologist in assessing the extent and the 
locus of the pathology. 

3. Oculogyral crises in Parkinsonism 
are striking phenomena and exhibit unusual 
electromyographic findings. When a crisis 
was entered there was an increase in inner- 
vation of the horizontal recti as well as the 
elevators of the globe. This seemed to be 
a form of cocontraction. Simultaneous nys- 
tagmus bursts also occurred in the horizontal 
and vertical recti. Simultaneous activity of 
horizontal recti has been noted in a case of 
retractory and convergence nystagmus pre- 
viously reported.’ That patient had a mid- 
brain lesion, with loss of voluntary elevation 
but retention of vertical following move- 
ment. 


Fig. 6—Saccadic movements. Upper trace, left lateral rectus; lower trace, electro-oculo- 
gram (EOG), gaze left to right. A, gaze right, nystagmoid bursts, slight deflection of EOG; 
B, primary position, more marked bursts, greater deflection of EOG; 
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4. One patient had a brain tumor of the 
left parietal lobe; after operation a vertical 
forced movement of both eyes developed, 
consisting of rhythmic conjugate elevation 
of the eyes and lids. These movements oc- 
curred at the approximate rate of one per 
second. Because of the ocular movement it 
was impossible to evaluate the visual acuity 
accurately. Other defects of horizontal con- 
jugate gaze were present. An electromyo- 
gram of the superior rectus revealed 
rhythmic spindle-type innervational patterns 
characteristic of gaze disturbances (Fig. 5). 
This innervation was present in all direc- 
tions of gaze, that is, on attempted gaze 
upward as well as gaze downward. 

5. In an instance of head trauma a gaze 
disturbance followed. The lateral rectus and 
a simultaneous electro-oculogram revealed 
saccadic version movements (lig. 6). This 
is a pattern frequently encountered in supra- 
nuclear involvements and suggests a similar 
etiology in this patient. No abnormality or 


, gaze left. 
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Fig. 7—EMG in spastic esotropia. 
still fires, note nystagmus to left. C, 


limitation of individual muscle action was 
encountered. 


B. Spastic Esotropia 


Two cases of sudden onset of internal 
strabismus following uveitis exhibited a 
striking similarity in findings. Despite the 
marked internal strabismus, there was no 
evidence of any paretic factor in the lateral 
recti. The activity of the medial recti was 
extremely large. In one patient a previous 
medial rectus recession had been done with- 
out benefit. The esotropia in this patient 
was of the V-type—increasing below. On 
conjugate movements a saccadic pattern was 
present in the medial recti of both patients. 
Of interest is the fact that in both the 
medial rectus continued to fire at a low level 
in extreme abduction (Fig. 7). 


C. Divergence Paralysis 


The question of 
divergence 


the existence of a 


center continues to exercise 


Breinin 


Right medial rectus. A, adducted; B, abducted fully, 


upper trace, right medial rectus; lower trace, right 
lateral rectus abducted; note nystagmus to left. 


ophthalmologists and neurologists. Electro- 
myography may help to settle this issue. A 
pertinent case is the following : 

An adult patient suspected of having a 
brain tumor developed a comitant esotropia, 
greater at distance than at near. No weak- 
ness of the lateral recti was noted at first. 
However, at the time of electromyographic 
examination a definite paretic involvement 
of the left lateral rectus was present, with 
limited abduction. A study of the innerva- 
tional pattern of the lateral. recti of the two 
eyes for distance and near fixation revealed 
a definite decrease of innervation to the 
lateral recti for distance fixation (Fig. 8). 


Fig. 8—EMG in divergence palsy. Upper 
trace, left lateral rectus; lower trace, right lateral 


rectus. Left, S. fixing near. Right, O. S. 
fixing distance. 
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Fig. 9.—EMG in internuclear palsy. Upper trace, right lateral rectus; lower trace, left 
medial rectus. A, gaze left, lateral rectus fully inhibited, medial rectus only partially; B, 
primary position. C, gaze right, spindle bursts in lateral rectus; constant level in medial 


rectus, same as in primary position. 


It is dangerous to draw conclusions where 
definite lateral rectus paresis is encountered, 
but the decreased innervation for distance 
does accord with the classical understanding 
of this condition. Further studies should 
be carried out in patients suspected of hav- 
ing divergence palsy. 


D. Internuclear Palsy 


The syndrome of the medial longitudinal 
fasciculus (internuclear palsy) is frequently 
encountered in neuro-ophthalmological prac- 
tice and is generally attributable to multiple 
sclerosis. There are a good many questions 
of theoretical import concerning the mech- 
anism whereby the characteristic features of 
the syndrome are brought about. These fea- 
tures consist of a failure of adduction of 
one or both medial recti, with the retention 
of convergence in many cases. In addition, 
there is nystagmus of the abducted eye. The 
failure of adduction of the medial rectus is 
generally attributed to a supranuclear 
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paralysis. No good explanation has been 
advanced for the characteristic nystagmus 
of the abducted eye. Electromyography in 
a number of cases of this syndrome has 
revealed basic information concerning the 
mechanisms of the motor disturbance. The 
failure to adduct of the medial rectus is 
not a consequence of paresis in the ordinary 
sense. In every case the medial rectus does 
recruit up to a certain level and then ab- 
ruptly ceases to increase its discharge de- 
spite attempted gaze into its field of action 
(Figs. 9 and 10). The muscle exhibits no 
signs of paresis such as are encountered in 
lower motor disease, and there is absolutely 
no nystagmus of any kind. The clinical 
picture of dissociated nystagmus appears 
only in the abducted eye. 

The abduction nystagmus of internuclear 
palsy is seen to be a complex entity. In 
most cases the innervation to the lateral 
rectus is of spindle type (Figs. 11 and 12). 
This produces a pendular type of movement. 
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Fig. 10.—EMG in internuclear palsy. Upper trace, right lateral rectus; lower trace, left 
medial rectus. A, gaze left, spindle burst in lateral rectus; B, approaching primary position, 
spindle bursts in lateral rectus; C, primary position, more marked spindles in lateral rectus; 
D, gaze right, no increase in activity of medial rectus beyond primary position. Lateral rectus 
shows oscillatory bursts. 


Fig. 11—EMG in internuclear palsy. Upper trace, lateral rectus; lower trace, integrator. 
Spindle bursts of innervation in abduction. 
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Fig. 12.—EMG in internuclear palsy. 
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Upper trace, left lateral rectus; lower trace, right 


medial rectus. A, abduction, nystagmus of abducted eye, lower trace shows constant innerva- 
tion of yoke medial rectus; B, gaze right, partial inhibition of right medial rectus with total 


inhibition of left lateral rectus. 


Fig. 13—EMG in saccadic movement. Upper trace, left lateral 


rectus; lower trace, left 


medial rectus. A and B, primary position with saccades to the left; inhibitions correspond to 


excitations. No cocontraction. 


True jerky nystagmus may indicate en- 
croachment on the sixth nerve nucleus. 
Here a paretic pattern of innervation occurs. 
The former type probably represents a 
supranuclear mechanism; the latter, a nu- 


clear involvement. Interruption of the 
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supranuclear fiber to the contralateral medial 
rectus completely isolates this muscle from 
nystagmus innervation. 

Of great interest is the fact that the 
medial rectus shows decrements in accord- 
ance with reciprocal inhibition in outward 
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MECHANISMS 


Fig. 14—EMG in saccadic movement. Upper trace, right inferior oblique; lower trace, 
integrator. .4, saccades up; B, C, and D, saccades down. At the end of inhibition in B is a 


large burst which indicated recovery from overshoot (not cocontraction). 


C, saccade up, 


down, up, with complete inhibition on saccade down. J), primary position, saccade up, saccade 


down; complete inhibition, saccade down. 


gaze and recruits up to the level of the 
primary position in inward gaze but does 


not add an iota of innervation more. 
activity of 


The 
its antagonist lateral rectus, 
which is firing at a high rate in abduction, 
decreases reciprocally as the eye adducts to 
the midline and further decreases as at- 
tempted adduction continues, eventually be- 
coming completely silent. Despite the fact 
that the lateral rectus has ceased to fire 
altogether, the medial rectus cannot bring 
the eye further in than the mid position. 
In other words, we have the picture of a 
medial rectus firing at a moderate rate, the 
lateral rectus totally silent, and yet the eye 
failing to adduct. The consistency of this 
finding plus observations made in normal 
eyes in the course of studies of saccadic 
movements suggests an answer to the ques- 
tion of why the eye remains immobile. The 
answer appears to be that it takes a steadily 
increasing amount of innervation in the 
medial rectus to overcome resistance to 
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movement. This natural resistance to rota- 
tion of the globe resides in mechanical fac- 
tors of the orbit (muscular, elastic, fascial). 

To produce internal strabismus, for ex- 
ample, it is not sufficient to remove the 
innervation to the lateral rectus; there must 
also be a definite increase of innervation 
to the medial rectus. In the saccadic move- 
ments of normal persons the eye stops as 
soon as the agonist ceases its active pull 
even though the antagonist may not fire at 
all. Ballistic movements, i. e., the checking 
of an agonist by contraction of its antag- 
onist, do not normally occur in the extra- 
ocular muscles (Figs. 13 and 14). The 
factor of resistance to rotation of the globe 
has not been adequately appreciated, and its 
significance is emphasized in our studies in 
electromyography.® 

The syndrome of the medial longitudinal 
fasciculus reveals the existence of a periph- 
eral tonicity mechanism isolated from supra- 
nuclear sources. The tonic firing of the 
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medial rectus is not altered by the retention 
or absence of convergence ability. 


We may postulate the following relation- 
ships. The extraocular muscles are associ- 
ated in a system of homolateral and 
contralateral reciprocal innervation and re- 
ciprocal inhibition. Paretic strabismus is not 
a consequence of the loss of balanced pull 
between agonist and antagonist, per se— 
although some mechanical elastic balance 
does exist. It is due rather to a disturbance 
of dynamic balance wherein loss of activity 
in the paretic muscle is associated with an 
increased activity of its antagonist. 

This dynamic balance is based on the 
integrity of the lower motor centers and 
reflex arcs. A disturbance of these lower 
motor centers and reflex arcs will produce 
strabismus—not because the agonist is 
knocked out but because there is at the same 
time an increase of activity in the antagonist. 
This unbalances the adjustment and results 
in the turning of the eye into the field of 
the antagonist. To repeat, the globe does not 
turn because the lateral rectus fails to pull; 
it turns because the medial rectus undergoes 
an increase of innervation concomitant with 
the decreased innervation to the paretic 
muscle. On attempted abduction the globe 
may rotate out to the midline, since recipro- 
cal inhibition of the medial rectus is not 
impaired. 

In supranuclear involvements, on the 
other hand, in addition to symmetrical bi- 
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Fig. 15.—EMG of levator. Jaw-winking syndrome. Lower trace, integrator. (a) Tongue 
movement elicits large activity; (b) jaw movement; (c) fast speed. 
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nocular innervation, the lower motor balance 
is not affected; therefore, strabismus does 
not occur. This is true of conjugate gaze 
deviations, supranuclear palsies, and inter- 
nuclear palsies. In the last-mentioned in- 
stance the absence of innervation to a lateral 
rectus as the eye attempts to adduct does not 
result in further turning in of the eye, since 
there is not the necessary associated in- 
crease of innervation to the medial rectus. 
Therefore, strabismus does not develop un- 
less an actual involvement of the nucleus 
of the sixth nerve occurs which unbalances 
the lower motor reflex arcs. 

Supranuclear mechanisms, however, are 
fully capable of altering the tonic activity 
of the muscles. The baseline activity may 
fall to zero in the primary position in gaze 
disturbances. 

This concept of the balance of the extra- 
ocular muscles seems basic to a proper 
understanding of the nature of strabismus 
due to neurologic lesions. Comitant tonic 
strabismus of childhood must be based on 
other mechanisms. It must be empha- 
sized that our understanding of the inter- 
relationship of higher and lower centers is 
still fragmentary. The importance of the 
vergence centers in the production of 
strabismus seems clear but requires further 
study. 

E. Jaw Winking 

An interesting case of the jaw-winking 

syndrome of Marcus Gunn has been ob- 
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MECHANISMS 


served. This patient exhibited a_ slight 
ptosis. When the tongue was touched to a 
particular part of the palate marked retrac- 
tion of the lid occurred. This could also be 
produced to a lesser extent by movements of 
the lower jaw to the opposite side. Of great 
interest is the fact that the strongest voli- 
tional discharge in the levator was less than 
that which occurred when the jaw or the 
tongue movement was performed. The pat- 
tern suggests a supranuclear recruitment of 
fibers in the levator producing a synchro- 
nized high-amplitude discharge (Fig. 15). 
The tracing resembles the pattern of Bell’s 
phenomenon in the elevators of the globe. 


Conclusion 


The sum of these electromyographic ob- 
servations suggests that the extraocular 
muscles behave in a manner entirely con- 
sonant with classical Sherringtonian phys- 


iology. Their similarities to peripheral 


skeletal muscle are far greater than their 
differences. Such peculiarities as are cited 
in texts are minor modifications subserving 
their specialized activity. The extraocular 
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muscles, their nerves, and their nuclei obey 
the principles of spinal reflex arcs. It is 
important to realize that the midbrain loca- 
tion of the ocular motor nuclei is only an 
incidental result of cephalocaudal organiza- 
tion. In most respects they are one with 
the spinal cord system. The greatest func- 
tional modification of the extraocular mus- 
cles lies in the additional feedback control 
mechanisms of vision. 


550 Ist Ave. (16). 
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Persistent Hyperplastic Primary Vitreous 


Special Reference to Preretinal Glial Tissue as a Pathological Characteristic and 


W. A. MANSCHOT, M.D., Rotterdam 


The name “persistent hyperplastic pri- 
mary vitreous” implies that eyes with this 
congenital anomaly contain a surplus of 
tissue, which has always been described as 
localized behind the lens and in the region 
of the canal of Cloquet (hyaloid canal). It 
will be demonstrated in this paper that the 
persistent hyperplastic primary vitreous is 
also present at a third site, which has not 
previously been described, namely, on the 
inner surface of the retina. This preretinal 
tissue originates in the neuroglial cells of 
the retina (cells of Miller). 


Clinical Symptoms 

The anomaly is clinically characterized 
by a unilateral leukocoria in a microphthal- 
mic eye of a full-term baby. Opaque tissue 
is present just behind the lens and may 
vary in size from a small plaque to a 
membrane which completely covers the pos- 
terior surface of the lens. It is nearly al- 
ways vascularized, and elongated ciliary 
processes extend toward or into the retro- 
lental tissue. At first the lens is clear, but 
later it becomes cataractous, owing to a 
rupture of the posterior capsule. In addi- 
tion to the microphthalmos other congenital 
malformations may be present, namely, 
ectopia pupillae, coloboma iridis, or ectopia 
lentis. The natural course of the disease 
often leads to glaucoma, and buphthalmos 
may ensue. 

Differential Diagnosis 

Most of the specimens for microscopic 
study became available because the eyes 
were enucleated with a mistaken diagnosis 

Received for publication June 19, 1957. 

The cost of the colored illustrations was defrayed 
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to the Development of the Primary Vitreous 


of retinoblastoma. This error can largely 
be avoided if the three most important 
criteria for the diagnosis of persistent hy- 
perplastic primary vitreous are kept in mind, 
namely, microphthalmos, the presence of 
opaque tissue behind the lens, and elongated 
ciliary processes. Von Hippel! emphasized 
as long ago as 1931 that retinoblastoma had 
never been found in a microphthalmic eye: 
this statement still holds true today, and 
Reese ? has again stressed it in recent years, 
but even so this fundamental fact is not 
sufficiently well recognized. 
retinoblastoma 


Furthermore, 
produces elongated 
ciliary processes and would never manifest 
itself as opaque tissue just behind the lens 
unless the vitreous were entirely filled with 
tumor tissue. 

Retrolental fibroplasia should rarely be 
confused with persistent hyperplastic pri- 
mary vitreous, as it is seldom unilateral and 
always occurs in prematurely born infants. 

Other anomalies which can give rise to 
a mistaken diagnosis are congenital cata- 
ract, retinal detachment, and inflammatory 
pseudoglioma. 


never 


Pathology 

The most characteristic anatomical fea- 
ture is the retrolental fibrovascular mem- 
brane. The size and diameter of this 
membrane may vary largely, and its tissue 
may contain cartilage or fat. Wé£atzold* 
even described the presence of glial tissue 
in it. A persistent hyaloid artery is to be 
found in most instances. Reese mentions 
that very rarely fibrous filaments extend 
from the posterior surface of the retrolental 
tissue to the retina and may even pull the 
retina away from the choroid. 
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The growth of the eye exceeds the growth 
of the retrolental membrane, and many 
secondary changes are caused by traction 
of the retrolental tissue on the ocular tissue. 
The epithelium of the lens continues behind 
its equator, and a rupture of the posterior 
lens capsule may occur, as the retrolental 
membrane is intimately connected with the 
lens capsule. The break of the capsule is 
followed by cataract and ingrowth of con- 
nective tissue into the lens. An elongation 
of the ciliary processes occurs, and the ora 
serrata has an advanced position on the 
ciliary body. Folds in the periphery of the 
retina are present in many cases. The num- 
ber and size of these retinal folds which 
are in intimate contact with the posterior 
surface of the retrolental membrane may 
vary from numerous small folds to one 
large retinal diaphragm, described by 
Mann* and Weve® as ablatio falciformis 
retinae. In the latter cases the fold is not 
due to traction by the retrolental membrane 
only but also to an “adhesion of the pri- 
mary vitreous and its contents to one por- 
tion of the inner layer of the optic cup, 
the secondary vitreous which should nor- 
mally separate them being absent along the 
line of adhesion” (Mann), 

The retrolental membrane nearly always 
fuses at its periphery with the elongated 
ciliary processes, part of which are often 
in direct contact with the lens. This embry- 
onic synechia between the anterior border 
of the optic cup and the lens has frequently 
been mistaken as the forerunner of all other 
changes in these eyes (Rochat,® Vos,’ von 
Winning *). Weve considered the anomaly 
primarily mesodermal. Embryological in- 
vestigations by Mann® are in favor of the 
latter concept. She demonstrated that ciliary 
processes in a fetus of 110 mm. length are 
in direct contact with the epithelium of the 
lens. The inner surface of the ciliary proc- 
esses is not covered by an internal limiting 
membrane, since there are no cells of Miller 
in the ciliary part of the retina. The sur- 
face is irregular, and cone-shaped processes 
and fine filaments fill the spaces between 
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adjacent ciliary processes and are attached 
to the lens capsule. It is clear that proto- 
plasmic processes of persistent perilental 
mesodermal tissue become easily and inti- 
mately connected with the protoplasmic 
filaments of the ciliary epithelial cells. Thus 
the ciliary processes become incorporated 
in the periphery of the retrolental fibrovas- 
cular tissue and are elongated during the 
subsequent growth of the eye, which sur- 
passes the growth of the retrolental mem- 
brane. 

In most instances the retina is in situ, 
but this is by no means a_ characteristic 
feature. 

The presence of persistent hyperplastic 
primary vitreous is often accompanied by 
other congenital anomalies. Microphthal- 
mos, ectopic lens, ectopic pupil, and colo- 
boma of the iris have been described. 
Anatomical investigations revealed a pit in 
the optic nerve, a coloboma of the optic 
nerve, and colobomas of the tunics. Reese 
even stated that in any severely malformed 
eye persistence of the primary vitreous with 
or without hyperplasia may be present. It is 
beyond the scope of this paper to enter into 
speculations on the etiology of persistent 
hyperplastic primary vitreous (or, hyper- 
plasia of persistent primary vitreous?) or 
to discuss its etiological relationship to other 
congenital anomalies. 


Report of a Case 


Case 1.—The right eye of a boy, aged 5 
months, was enucleated and sent to the 
laboratory on Jan. 6, 1955. The clinical 
report recorded a normal, full-term birth. 
After three weeks the mother had noticed 
a white spot in the right eye. Jan. 4, 1955, 
the child was seen by an ophthalmologist 
and was admitted to the hospital as a sus- 
pected case of retinoblastoma. Examination 
with the patient under general anesthesia 
was performed. No anomalies were present 
in the left eye. The right eye was microph- 
thalmic. The temporal part of the lens was 
dislocated in a forward direction, its center 
showed cataractous changes, and there was 
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a thick grayish-white vascularized tissue 
behind it. Diaphanoscopy from all direc- 
tions resulted in a normal illuminated pupil. 
The report does not mention the presence or 
absence of elongated ciliary processes. Fol- 
lowing the examination the eye was enu- 
cleated. 


Pathologic Examination.—Figure 1 rep- 
resents a general view of the anterior eye 
segment. The anterior chamber is narrow; 
the angle is wide open. The pupil is eccen- 
tric. The lens is kidney-shaped, with an 
axial cataract which is caused by a central 
opening in the posterior capsule. A fibro- 
vascular membrane is present behind the 
lens. [longated ciliary processes are incor- 
porated in the periphery of the retrolental 
membrane. The retina is extended to the 
base of the ciliary muscle. In other parts 
of the eye the retina has been pulled into 
the periphery of the fibrous retrolental tis- 
sue. This traction has not promoted an 
actual detachment of the retina. The central 
part of the retrolental membrane is thicker 
than the periphery and fills the posterior 
concavity of the lens. Numerous fibrous 
filaments extend from the posterior surface 
of the membrane to the peripheral part of 
the retina. Figure 2 represents the retinal 
insertion of some of these filaments. The 
fibrous filaments have the same histological 
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Fig. 1 (Case 1).— 
General view of anterior 
eye segment. 


structure as the retrolental membrane; the 
insertions, however, show a more delicate, 
loosely fibrillar structure. The tiny fibers 
emerge from the retina in a direction per- 
pendicular to its surface and attach to the 
fibrous filaments at different places. The 
intraretinal course of the fibers is parallel 
to the course of the fibers of the cells of 
Miller. It seems as if the preretinal fibers 
are an elongation of the fibers of the 
Millerian cells. These insertions of fila- 
ments which branch off from the retrolental 
membrane are only present in the peripheral 
part of the retina. The retina in the pos- 
terior eye segment, however, also shows 
numerous preretinal structures. This pre- 


Fig. 2 (Case 1).—Retinal insertion of filaments 
branching from the posterior surface of the retro- 
lental membrane. 
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Fig. 3 (Case 1).—Preretinal glial proliferation 
in posterior eye segment. 


Fig. 4 (Case 1).—Pre- 
retinal glial proliferations 
in posterior eye segment. 


retinal tissue does not have any connection 
with the retrolental membrane or with in- 
travitreal filaments. It consists of small 
preretinal cellular proliferations of different 
size; the fibers of many of these cells merge 
into fibers of the Millerian cells. This sug- 
gests that the preretinal proliferations 
probably have a neuroglial origin and are 
closely allied to the insertions of the intra- 
vitreal filaments in the periphery of the 
retina. Figures 3 and 4 represent some of 
the preretinal proliferations in the posterior 
eye segment. 

Comment.—The pathological examination 
made certain that the eye represents a typi- 
cal case of persistent hyperplastic primary 
vitreous. This diagnosis corresponds with 
all the clinical symptoms. A most uncom- 
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mon anatomical feature, however, are the 
numerous preretinal proliferations. They 
have not been described in any paper on 
the subject, and even Reese did not mention 
them in his report on 47 anatomically 
studied cases of persistent hyperplastic 
primary vitreous. Therefore, this preretinal 
tissue was at first considered to be a coinci- 
dental finding, the nature of which was not 
clearly understood at the time. Shortly 
afterward, however, I had the privilege to 
attend a pathological demonstration by Dr. 
Ashton in the London Institute of Oph- 


thalmology. Two sections of cases of per- 
sistent hyperplastic primary vitreous were 
demonstrated. One of these sections showed 
a rather extensive preretinal proliferation, 
which is represented in Figure 5 (Case 2). 


Fig. 5 


(Case 2).—Preretinal glial proliferation. 
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3).—“Vitreoretinal adhesion.” 


Fig. 6 (Case 

Again shortly afterward, a paper by 
Hagedoorn and Sieger,'’ “Idiopathic Ret- 
inal Detachment,” appeared. The authors 
described numerous “vitreoretinal adhe- 
sions” which were found in a buphthalmic 
eye, enucleated from a child aged 9 months, 
with the diagnosis of pseudoglioma. These 
“vitreoretinal adhesions” so closely resem- 
bled the preretinal structures in our case 
with persistent hyperplastic primary vitre- 
ous that it seemed highly probable that the 
pseudoglioma in the case of Hagedoorn 
and Sieger must have been of the same 
nature. This supposition could not be con- 
firmed by their paper. Hagedoorn," how- 
ever, had described the same eye because 
of a pit in the optic nerve in 1928. This 
earlier description revealed that the clinical 
picture of pseudoglioma indeed was caused 
by persistent hyperplastic primary vitreous. 
Figure 6 represents one of the “vitreo- 
retinal adhesions” in this case (Case 3). 


Further Studies 


The finding of identical preretinal struc- 
tures in three cases of persistent hyper- 
plastic primary vitreous made it probable 
that these structures constituted an un- 
known anatomical characteristic of the 
anomaly. Studies to investigate the validity 
of this assumption were carried out as 
follows: (a) a search for identical preret- 
inal structures described in the literature, 
(b) anatomical restudy of previously de- 
scribed cases of persistent hyperplastic 


192 


Fig. 7 (Case 4).—Preretinal structure. 


primary vitreous, (c) an embryological in- 
vestigation. 

A. Identical Preretinal Structures De- 
scribed in the Literature —Except for the 
above-mentioned Case 3, only one other 
publication was found in which identical 
preretinal structures were described. Zee- 
man ' published the anatomical findings 
in a buphthalmic eye with a congenital ec- 
topic pupil and ectopic lens (Case 4). Sev- 
eral peculiar structures were present in 
front of the pars plana in the vitreous and 
on the inner surface of the retina. The 
first structures seemed to be coiled-up 
strands of nonpigmented epithelial cells 
enveloped by homogenous fibers which lose 
themselves in the vitreous. Some of the 
preretinal structures were attached to the 
retina; they consisted of round masses of 
homogeneous tissue or of cellular prolifera 
tions. Other preretinal structures lay free 
in the vitreous. Figure 7 represents one 
of the preretinal structures. The ectopia 
of the lens and the pupil was caused by 
strands of persistent hyperplastic primary 
vitreous between the lens and the anterior 
border of the optic cup. A photograph in 
the original paper shows the entropion 
of the iris, caused by a strand running from 
the iris stroma to the pars plana, 

B. Anatomical Restudy of Previously 
Described Cases of Persistent Hyper plastic 
Primary Vitreous.—A considerable number 
of anatomically studied cases of persistent 
hyperplastic primary vitreous has been de- 
scribed by Dutch ophthalmologists during 


Vol. 59, Feb., 1958 


A. M. A. ARCHIVES OF OPHTHALMOLOGY P 
t 
: f 
« 
: 


PERSISTENT HYPERPLASTIC PRIMARY VITREOUS 


this century. A short description of the 
findings in these cases, from which a more 
complete report is given in the original 
papers, will follow. It was possible to 
obtain histological sections of 10 of the 
cases, although some of the material dated 
from before 1913 and 1904. 


Case 5 (von Winning,* 1952, Case 21). 


Microphthalmic eye of a full-term baby, 
aged 5 days. A yellow vascular mass had 
been present behind the lens. 
examination (Leiden, 2584) revealed a thick 


Pathological 
retrolental membrane which inserted in 
elongated ciliary processes and the periph- 
ery of the retina. Figure 8 demonstrates 
the direct continuity of the fibers of the 


Fig. 9 (Case 6).—Preretinal 
glial proliferation. 
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Fig. 8 (Case 5).—Di- 
rect continuity of fibers 
of the retrolental mem- 
brane with the retina. 


retrolental membrane with the retina and 
the ciliary epithelium. Only one section of 
the eye was available for restudy. No sepa- 
rate preretinal proliferations were present 
in this section. 

Case 6 (von Winning,® 1952, Case 22). 

Microphthalmic eye of a boy, aged 8 
months. A white membrane had been pres- 
ent behind the lens. Pathological examina- 
tion (Leiden, 2549) showed a retrolental 
membrane converging at its posterior side 
into a long-shaped process which contained 
a nucleus of embryonic cartilage. Numer- 
ous glial proliferations were found on the 
anterior surface of the retina, which ap- 
parently originated from the Miillerian 
fibers (Fig. 9). 
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Fig. 10 (Case 7).—Preretinal glial prolifera- 
tions. 


Case 7 (von Winning,’ 1952, Case 23). 

Microphthalmic eye of a full-term baby, 
aged 5 days. A white mass with many 
vessels had been visible behind a cataractous 
lens. Pathological examination (Leiden, 
2951) revealed a fibrovascular retrolental 
membrane which was adherent to the lens, 
to the elongated ciliary processes, and to 
the periphery of the retina. Numerous pre- 
retinal glial proliferations were present 
(Fig. 10). 

Case 8 (von Winning,’ 1952, Case 24). 

Glaucomatous eye with a coloboma of 
the iris; a yellow mass was visible behind 
the pupil. The age of the patient was not 
mentioned. Pathological examination ( Lei- 
den, 3447) showed a thick layer of fibro- 
vascular tissue on the lateral and posterior 
sides of the lens. This perilental tissue 


Fig. 11 (Case 8).—Intimate 
connection between the retina 
and the preretinal tissue ex- 
tending from the retrolental 
membrane. 
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extended into a thick preretinal layer of 
identical tissue. Figure 11 demonstrates the 
intimate connection between the retina and 
the preretinal tissue. 

Case 9 ( Vos," 1936, Case 1).—Microph- 
thalmic eye of a boy, aged 11% years. An 
opaque tissue was visible through the 
ectopic narrow pupil. Pathological examina- 
tion (Groningen, 1161) revealed a retro- 
lental fibrous membrane inserted into 
elongated ciliary processes. Mesodermal 
filaments passed around the equator of the 
lens to the iris. The pars plana showed 
proliferations of ciliary epithelium con- 
nected with branching filaments from the 
posterior side of the retrolental membrane. 
Figure 12 represents one of a few small 
glial proliferations which were present on 
the anterior surface of the retina in the 
posterior segment of the eye. 

CasE 10 (Vos,* 1936, Case 3).—Mi- 
crophthalmic eye of a woman, aged 20 
years. A seclusion of the ectopic pupil with 
an iris bombé and glaucoma had been pres- 
ent. Pathological examination (Groningen, 
1189) showed a nearly obliterated anterior 
chamber. The capsule of the completely 
absorbed lens lay in several folds on the 
anterior side of a lens-shaped mass of fat 
tissue, which occupied a considerable part 
of the anterior vitreous. Elongated ciliary 
processes and the peripheral part of the 
retina were pulled into the periphery of the 
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Fig. 12 (Case 9).—Preretinal glial prolifera- 
tion, 


encapsuled fat tissue. The persistent 
hyaloid artery also inserted into the retro- 
lental fat tissue. Fibrous filaments were 
present in the posterior segment of the eye, 
running from the retinal surface over a 
long distance into the vitreous (Fig. 13). 

Case 11 (Vos,* 1936, Case 5).—Right 
eye of a boy, aged 6 months. The size of 
the globe was not mentioned. An opaque 
tissue had been visible behind the pupil. 
Pathological examination (Groningen, 1227) 
revealed a thick fibrovascular retrolental 
membrane in which the hyaloid artery in- 
serted, enveloped in a thick layer of glial 
tissue. Elongated ciliary processes were 
incorporated in the periphery of the mem- 


brane. The anterior retinal surface pre- 
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Fig. 13 (Case 10).—Filaments running from 
the retinal surface into the vitreous. 


sented numerous glial 
different size (Fig. 28). 

12 ( Weve,’ 1935).—The eye had 
been enucleated from a boy aged 11 months. 
No other clinical findings were known, 
and only a few histological sections had 
been available. Pathological examination 
(Utrecht, 2177) revealed septum-like 
retinal fold in the temporal half of the eye, 
extending from the disc to a_retrolental 
membrane. The lens showed a_ posterior 
concavity, corresponding with a retrolental 
mass of fibrovascular tissue, which inserted 
with fine filaments into the retina. The 


proliferations of 


Fig. 14 
Preretinal 
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_ Fig. 15 (Case 13).—Preretinal glial prolifera- 
tion. 


retina extended toward the flat portion of 
the ciliary body. A layer of proliferated 
glial tissue was present on the anterior 
retinal surface in the posterior segment of 
the eye. Fibers of the preretinal tissue 
emerged into the retina; their intraretinal 
course was parallel to the course of the 
fibers of Miller (Fig. 14). 

Case 13 (Rochat,® 1913).—No clinical 
findings were mentioned. Four histological 
sections of the eye were available; a fibrous 
retrolental membrane was present in which 
elongated ciliary processes were incorpo- 
rated. <A _ persistent hyaloid artery was 
present as well as a large coloboma at the 
point where the optic nerve entered the eye. 
The retina showed several preretinal glial 
proliferations (Fig. 15). 

14 (de Vries,* 1904).—Eye of 
normal size of a child aged 10 months. 
Clinically, a coloboma of the iris and a 
white vascularized retrolental tissue had 
been present. Pathological examination 
(Amsterdam, P. A. 152) revealed an ab- 
normally shaped lens with a cone-shaped 
formation of fibrovascular tissue on its pos- 
terior surface. Numerous strands formed 
by one or both layers of the optic cup or 
formed by elongated ciliary processes ex- 
tended from the ciliary region to the pos- 
terior surface of the lens. The persistent 
hyaloid artery was covered by a layer of 
fibrous tissue and inserted into the retro- 
lental fibrous tissue. Preretinal glial pro- 
liferations were present in the posterior 
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_ Fig. 16 (Case 14).—Preretinal glial prolifera- 
tion. 

segment of the eye (Fig. 16) and on the 
peripheral part of the retina which extended 
over the flat portion of the ciliary body. 

C. Embryological Investigation —The 
embryological study comprised the serial 
sections of 23 human embryos, varying in 
length from 4.4 to 35 mm., present in the 
embryological-anatomical laboratory of the 
University of Leiden, and the serial sections 
of 9 human embryos, varying in length 
from 2.5 to 40 mm., studied in the patho- 
logical laboratory of the Rotterdam munic- 
ipal hospitals. In addition, the eyes of 
several embryos of greater length were in- 
cidentally used for this study. 

Mann ® amply described the development 
of the primary vitreous in her authoritative 
monograph on the development of the hu- 
man eye. Her minute observations, illus- 
trated with drawings by her own hand, 
have remained the last word on the subject 
for 30 years. Some paragraphs of the 
following report on the embryologic investi- 
gations are quoted from her monograph. 

A detailed knowledge of the development 
of the primary vitreous appears to be neces- 
sary for a clear appreciation of the nature 
of the preretinal proliferations in eyes with 
persistent hyperplastic primary vitreous. 
This justifies a short description of the 
various stages of the development of the 
primary vitreous as found in our material. 
Furthermore, it affords an opportunity to 
present for the first time a series of photo- 
graphs of this development which substan- 
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Fig. — of 2.5 mm. Optic vesicle as a 


lateral bulge of the forebrain. 


tiates, apart from a minor variation, the 
exactitude of Mann's observations. 

Embryo of 2.5 mm, ( Fig. 17). The optic 
vesicle is visible as a lateral bulge of the 
forebrain. Only one optic vesicle is repre- 
sented in the photograph, as the specimen 
was cut in an oblique direction. The serial 
sections proved that the neural ectoderm 
of the optic vesicle was everywhere sepa- 
rated from the surface ectoderm by a layer 
of mesoderm. This observation is in con- 
tradiction to a statement by Mann. Accord- 
ing to her findings the surface ectoderm is 
from the beginning direct contact with 
the optic vesicle. 

Fig. 19—Embryo of 6.5 mm. Cavity of the 
lens vesicle connected with the exterior. 
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Fig. 18—Embryo of 4 mm. Lens plate at the 
top of the invaginating optic vesicle. 


Embryo of 4 mm. (Fig. 18). The sur- 
face ectoderm in this stage is in contact with 
the optic vesicle, although separate meso- 
dermal cells are visible between them. The 
surface ectoderm has thickened considerably 
at the top of the optic vesicle and has 
formed the lens plate. The fovea lentis is 
visible as the first indication of the future 
lens pit. The outer wall of the optic vesicle 
is beginning to thicken and already shows 


a separation into a deeper zone containing 
the nuclei and a superficial zone more or 


less free from nuclei. Invagination of the 
outer wall which leads to the formation of 
the optic cup has started. Numerous mitoses 
are present. 

Embryo of 6.5 (Fig. 19). This 
embryo had undergone severe maceration, 
but nevertheless it clearly demonstrates the 
lens vesicle, which has been formed by a 
process of invagination of the lens pit. The 


mim. 


Fig. 20—Embryo of 9 mm. Protoplasmic con- 
tinuity between the lens and the retina. 
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cavity in the lens vesicle is still connected 
with the exterior. 

Embryo of 9 mm. (Fig. 20). This em- 
bryo had also undergone rather severe 
maceration. The surface ectoderm has be- 
come detached from the mesoderm. In this 
stage the lens vesicle has entirely separated 
from the surface ectoderm. The section 
represents the peripheral part of the lens 
vesicle, in which no lumen is visible. The 
photograph clearly demonstrates protoplas- 
mic fibrils between the inner half of the 
wall of the lens vesicle and the retina. This 
protoplasmic continuity between lens and 
retina constitutes the first anlage of the 


Fig. 22—Embryo of 11.5 
mm. A narrow fissure, repre- 
senting the hyaline lens capsule, 
separates the lens from the 
mesodermal cells. 
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Fig. 21—Embryo of 
95 mm.  Protoplasmic 
cone-shaped processes on 
the inner surface of the 
retina. 


primary vitreous. Therefore, the first stage 
of the development of the primary vitreous 
is purely ectodermal. It appears as if the 
lental and retinal surfaces are involved 
equally in the production of these protoplas- 
mic fibrils, which in a second stage of the 
development of the vitreous become inti- 
mately connected with protoplasmic fibers 
of mesodermal cells which are growing 
into the eye through the gap between the 
edge of the optic cup and the equator of 
the lens and through the fetal fissure. 
Embryo of 9.5 mm. (Fig. 21). Proto- 
plasmic cone-shaped processes on the retinal 
surface demonstrate the participation of the 
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retina in the formation of the protoplasmic 
continuity between lens and retina. Three 
mesodermal cells are seen invading the 
lumen of the optic cup, and pigment gran- 
ules appear in its outer layer. 

Embryo of 11.5 mm. (Fig. 22). The cells 
of the inner wall of the lens vesicle are 
elongated to form the primitive lens fibers. 
More mesodermal cells are growing into 
the cavity of the optic cup. Some of them 
are lining the posterior surface of the inner 
wall of the lens vesicle. A narrow fissure 
separates the cells of the lens vesicle from 
the row of mesodermal cells. This fissure 
represents the presence of the hyaline lens 
capsule, which has been formed in this 
stage. The presence of the hyaline lens 
capsule marks the end of the first period 
of vitreous development, as the lens can no 
further take part in the formation of the 
primary vitreous. 

Embryo of 14 mm. (Fig. 23). Simul- 
taneously with the formation of the hyaline 
lens capsule protoplasmic fibers of the cells 
of Miller are reaching the surface of the 
retina. These Miillerian cells are glial cells 
which form the supporting tissue of the 
retina. They are first recognizable in the 
marginal layer of the retina in an embryo 
of 10 mm. length. Their inner processes 
reach the inner surface of the retina about 
the 12 mm. stage. They form foot-plates 


Fig. 23.—Embryo of 
14 mm. The internal 
limiting membrane be- 
came detached from the 
retina during fixation. 
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on the retinal surface which unite into the 
internal limiting membrane. Thus, the 
membrane is formed of definite protoplas- 
mic processes, and there seems very little 
difficulty, therefore, in supposing that these 
foot-plates are themselves concerned in the 
production of vitreous fibrils during the 
growth of the eye, since they are glial in 
nature and are intimately connected in their 
development with the marginal layer (also 
glial) of the wall of the optic vesicle, which 
obviously plays a large part in the produc- 
tion of the primary vitreous (Mann). 

The intimate connection between the in- 
ternal limiting membrane and the vitreous 
fibrils is clearly demonstrated by Figure 23. 
The vitreous has become detached from the 
retina in several places during fixation of 
the specimen. At one place the internal 
limiting membrane has become detached 
from the retina and has remained in conti- 
nuity with the vitreous, thus showing that 
the internal limiting membrane is more in- 
timately connected with the vitreous than 
with the retina by which it has been pro- 
duced. It shows convincingly the important 
role of the internal limiting membrane in 
the formation of the primary vitreous. 

Many of the protoplasmic cones and 
fibrils of the Millerian cells pass, however, 
through the internal limiting membrane into 
the vitreous and blend with the protoplasmic 
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24——Embryo of 18 mm. Continuity of the 


Fig. 
vitreous fibrils with the mesoderm on the one side 
and the ectoderm on the other side. 


of the mesodermal cells which 
invade the optic cavity. 

The photograph also shows some vasa 
hyaloidea propria. They are part of a net- 
work of fine capillaries with which the 
primary vitreous becomes permeated. These 
capillaries are branches of the hyaloid 
artery; some of them communicate with the 
tunica vasculosa lentis, which is also formed 
by the hyaloid vessel. Protoplasmic fibrils 
of the mesodermal cells composing the walls 
of the capillaries are in continuity with 
vitreous fibrils. The vessels contain fetal 
(nucleated) red blood cells. 

Embryo of 18 mm. (Fig. 24). The con- 
tinuity of the fibrillar network of the pri- 
mary vitreous with the mesoderm of the 
vessels on the one side, and with the ecto- 
derm of the retina on the other side, is 
still more evident in this stage. The photo- 
graph convincingly substantiates the state- 
ment by Mann _ regarding “the utter 
impossibility of postulating of any given 
vitreous fibril exactly how much of it is 
ectodermal and how much mesodermal.” 

Again, a minor detachment of the internal 
limiting membrane is visible in the angle 
of the retina. 

Embryo of 30 mm, (Fig. 25). Proto- 
plasmic cone-shaped processes on the retinal 
surface are projecting into the vitreous in 
spite of the presence of a fully developed 
internal limiting membrane. The similarity 
with the retinal cone-shaped processes in 
the 9.5 mm. stage (Fig. 21) is striking, 


processes 
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Fig. 25.—Embryo of 30 mm. Protoplasmic cone- 
shaped processes on the retinal surface (compare 
with Fig. 21). 


although no internal limiting membrane is 
present in that stage. 

Embryo of 35 mm. (Fig. 26). In this 
stage the primary vitreous has reached its 
highest development. The vitreous is full 
of vessels right to the periphery. The 
photograph reveals the presence of preret- 
inal tissue in direct contact with the retina 
at two places in the lower part of the figure. 
A magnification of one of these preretinal 
structures is represented in Figure 27. A 
striking similarity of the preretinal tissue 
in an embryo of 35 mm. length with the 
preretinal glial proliferation found in an 
eye with persistent hyperplastic primary 
vitreous in a boy aged 6 months (Case 11), 
represented in Figure 28, leaves no doubt 
as to the identity of these two structures. 
Figure 29 represents a magnification of the 
other preretinal structure in the same eye 


_ Fig. 26—Embryo of 35 mm. Preretinal tissue 
in direct contact with the retina at two places in 
the lower part of the figure. 
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Fig. 27,—Embryo of 35 mm. length. Preretinal tissue inserting 
in a internal limiting membrane and connected with a hyaloid 
vessel. This Figure is a magnification of Figure 26. 


Fig. 28 (Case 11).—Preretinal glial proliferation in an eye with 
persistent hyperplastic primary vitreous in a boy aged 6 months. 
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Fig. 29.—Magnification of Figure 26. 


of the embryo of 35 mm. length, and Fig- 
ure 30 shows two preretinal structures in 
the fellow eye of this embryo. These photo- 
graphs prove that the presence of preretinal 
tissue in direct continuity with the retina is 
a normal characteristic of the primary vit- 
reous at the stage of its highest develop- 
ment. 

Soon after the 35 mm. stage the vasa 
hyaloidea propria in the periphery of the 
primary vitreous begin to atrophy. This 
results in an avascular region near to the 
retina which is augmented by fresh avascu- 
lar vitreous formed by the retina as the 
eye enlarges. The vitreous mesh in the 
avascular region is closer than in the pri- 
mary vascular vitreous. The avascular vit- 
reous is called the secondary vitreous. It is 
emphasized by Mann that it is not true to 
describe the secondary vitreous as derived 
entirely from the retina, as initially it con- 
sists of the avascular vitreous left by the 
atrophy of the vasa hyaloidea propria. 

The main trunk of the hyaloid artery 
persists much longer than the vasa hyaloidea 
propria. It increases in length with the 
growth of the eye, since it is adherent to 
the tunica vasculosa lentis behind the lens 
and to the optic disc. The primary vitreous 
remains adherent to the main trunk of the 
artery. The point of junction of its looser 
mesh of fibrils with the denser mesh of 
fibrils of the secondary vitreous forms the 
wall of Cloquet’s canal, which thus consti- 
tutes the outer limitation of the posterior 
part of the remnants of the primary vit- 
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Fig. 30.—Preretinal tissue in the fellow eye of 
the embryo represented in Figures 26, 27, and 29. 
reous. The limitation of its anterior portion 
is formed by the capsula perilenticularis, the 
line of condensation which separates the 
retrolental part of the primary vitreous 
from the secondary vitreous. Later the cap- 
sula perilenticularis atrophies completely in 
the region of the open end of the funnel- 
shaped canal of Cloquet. 


Comment 


The results of the described investiga- 
tions on the nature and the origin of the 
preretinal tissue in eyes with persistent 
hyperplastic primary vitreous may be sum- 
marized as follows. 

A. The two cases in the literature in 
which identical preretinal structures had 
been described appeared to be eyes with 
persistent hyperplastic primary vitreous 
(Case 3) or a closely allied congenital 
anomaly (Case 4). 

B. Anatomical restudy of 10 cases of 
persistent hyperplastic primary vitreous 
which had previously been described in the 
literature revealed the presence of preretinal 
proliferations in 9 cases, although in some 
cases only one or a few histological sections 
had been preserved. The remaining case 
presented a direct continuity between the 
persistent primary vitreous and the retina. 

C. Embryological investigations revealed 
the presence of identical preretinal struc- 
tures in both eyes of an embryo of 35 mm. 
length. 

These results substantiate the correctness 
of the view that the preretinal prolifera- 
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tions constitute a pathological characteristic 
of persistent hyperplastic primary vitreous. 
Reese? stated, “Persistent hyperplastic 
primary vitreous and persistent hyperplastic 
vitreous (PHV) are the terms used to 
designate the condition often called ‘per- 
sistent tunica vasculosa lentis’ or ‘persistent 
posterior fetal fibrovascular sheath of the 
lens.’” It is clear that both the latter names 
should be abandoned, as they incorrectly 
presume that the anomaly originates in the 
embryological vascular tissue only. It has 
to be emphasized that the condition origi- 
nates in the primary vitreous as a whole 
and not in the mesodermal tissue only. The 
retinal glial cells (cells of Muller) play a 
major part in the formation of the primary 
vitreous. The vitreous fibrils are produced 
as well by the internal limiting membrane, 
which is formed by the foot-plates of the 
Miillerian fibers, as by protoplasmic cones 
and fibrils of the Miullerian cells which pass 
through the membrane and blend with pro- 
toplasmic processes of the mesodermal cells. 
It has been stated that it is impossible to 
postulate exactly how much of any given 
vitreous fibril is ectodermal and how much 
mesodermal. It is obvious that a persist- 
ence of hyperplastic primary vitreous will 
also manifest itself in the presence of pre- 
retinal glial tissue. This occurrence is 
facilitated by the circumstance that the 
thickness of the retina has reached its adult 
measurement at the 20 mm. stage (Mann). 
Many of the small preretinal structures are 
simple remnants of the embryonic primary 
vitreous. This also holds true for some of 
the “vitreoretinal adhesions” represented in 
the paper by Hagedoorn and Sieger, from 
which the authors stated, “The gradual 
fading away or transition into vitreous 
tissue supports the view that they are re- 
lated in some stage of the embryonic de- 
velopment to the vitreous body and _ its 
formation,’ and “. . . it is reasonable to 
conclude that they are related to the ecto- 
dermal supporting tissue of the retina.’ 


The preretinal tissue in many other in- 
stances is due to a real proliferation of 
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retinal glial cells. The aspect of these pro- 
liferations may vary largely. They may 
appear as short or long strands of tissue, 
the latter running through the vitreous over 
a long distance. Sometimes they consist of 
compact masses of tissue on the anterior 
surface of the retina. They all are in inti- 
mate contact with the retina, and it is evi- 
dent in many instances that the fibers of the 
preretinal tissue blend into the fibers of 
the Millerian cells. In all cases the intra- 
retinal course of the fibers is parallel to 
the course of the Miillerian fibers. 

The different aspect of the preretinal 
persistent hyperplastic primary vitreous is 
sufficiently explained by the primitive nature 
of the retinal glial cells from which it orig- 
inates. Mann stated that the first nuclei of 
the cells of Miller can already be recog- 
nized in the 10 mm. stage. Auvert’s 
remark on “. . . un vitré primitif qui est 
encore capable de croitre, de s’hyperplasier 

.” concerned the retrolental mesodermal 
tissue; it also holds true, however, for the 
preretinal glial tissue. Moreover, some of 
the preretinal proliferations may have a 
mesodermal component. 


Summary 


Anatomical study of 14 cases of persist 
ent hyperplastic primary vitreous demon- 
strated the presence of preretinal tissue, 
originating from retinal glial elements, in 
13 cases. The remaining case, from which 
only one histological section was available, 
presented a direct continuity between the 
persistent hyperplastic primary 
and the retina. 

Embryological investigation revealed iden- 
tical preretinal tissue in both eyes of an 
embryo of 35 mm. length. In this stage 
the primary vitreous has reached its highest 
development. 


vitreous 


The presence of preretinal glial tissue in 
eyes with persistent hyperplastic primary 
vitreous derives from the retinal glial tissue, 
which plays a major part in the formation 
of the primary vitreous. The preretinal 
glial tissue in these eyes is to be considered 
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as the ectodermal counterpart of the meso- 
dermal tissue which is present in the peri- 
lental region. 

Professors Colenbrander, Dekking, Hagedoorn, 
Rochat, Weve, and Zeeman and Drs. ° Ashton, 
Daamen, and von Winning helped in obtaining 
the material for this investigation. Professor 
Dankmeijer gave permission to study the material 
of the Embryological Laboratory of the University 
of Leiden, and Dr. Straub gave advice. 
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Primary Tumors of the Iris 


JAMES R. DUKE, M.D., Baltimore, and SHEPARD N. DUNN, M.D., Columbia, S. C. 


Tumors of the iris are uncommon; the 
accumulation of a sizable number of cases 
requires considerable time, and the problems 
of a long-term clinical follow-up are 
numerous. This study deals with the 
primary tumors of the iris examined in the 
pathology laboratory of the Wilmer Insti- 
tute between 1925 and 1956, with special 
emphasis upon a few of the associated 
clinical findings, upon the histopathological 
characteristics of these tumors, and upon 
the ultimate fate of the patients who had 
harbored them. 

Since the first histologic description of 
an iris melanoma, given by Tay ™ in 1866, 
there have been a number of reports of iris 
tumors. In 1879 Knapp ® recorded three of 
his own cases and reviewed the literature. 
Wood and Pusey," in 1902, again reviewed 
the literature, reporting on a total of 83 
cases of primary iris sarcomas. Their paper 
was thorough, but the follow-up period was 
short. Callender, Wilder, and Ash,? in 1942, 
reported 32 cases of iris melanomas, all 
with a follow-up of five years or longer. 

Leiomyomas of the iris are much rarer 
than melanomas. Verhoeff,® in 1923, re- 
ported a case and reviewed the literature. 
Heath? has reported on iris leiomyomas 
with special emphasis on the differentiation 
pathologically of the different types of these 
tumors. Erdbrink and Harbert * have sum- 
marized the individual case reports in the 
literature. The recent report by Brown! 
and associates brings to 21 the number of 
these individually reported tumors. 

More unusual types of primary iris tumors 
include benign and malignant tumors arising 
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from the iris pigment epithelium. Neuro- 
fibromas and hemangiomas may also rarely 
occur in the iris. 

The present study is based upon an 
analysis of 43 cases of primary tumors of 
the iris. Thirteen of these tumors were 
diagnosed as benign melanomas; twenty- 
eight, as malignant melanomas; one, as a 
leiomyoma, and one, as a tumor of uncertain 
histogenesis. Benign iris freckles as well as 
tumors invading the iris but of origin else- 
where were not included in the study. 


Benign Melanomas 


Reese * has indicated the differences be- 
tween the so-called iris freckles and true 
benign melanomas. The former are rela- 
tively common and consist of collections of 
melanoblasts confined to the anterior surface 
of the iris. The benign melanoma may also 
be composed of melanoblasts but is not so 
well localized and may spread down into 
the iris stroma. These tumors are not en- 
capsulated and are usually very heavily pig- 
mented. Of the 13 benign melanomas in 
this series all occurred in white persons, 5 in 
males and 8 in females. They were found 
approximately equally distributed by 
decades from the third through the ninth 
decade. Nine of the tumors were removed 
by iridectomy, primarily as a diagnostic pro- 
cedure. The other four were found inci- 
dentally in eyes removed for other, unrelated 
causes. Since eyes for routine pathological 
examination are not serially sectioned, it is 
probable that the incidental incidence among 
enucleated eyes is considerably higher. 

Five patients have been followed for five 
years or longer, and, as expected, there 
has been no evidence of recurrence or 
metastasis. 
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Graph 1.—Age distribution of malignant mela- 
noma of iris. 


Malignant Melanomas 


As stated, malignant melanomas of the 
iris are uncommon lesions. An approxima- 
tion of the occurrence of this tumor among 
enucleated eyes examined in the pathology 
laboratory can be gained from the figures of 
Ferrer,> 1.3%, and Kronenberg,'® 0.9%. 


All of the 28 cases of malignant melanoma 
occured in the white race. There appeared 
to be a slightly higher incidence in females, 
16 cases, than in males, 12 cases, a finding 
remarked upon by other writers.** The 
distribution by age group is shown in Graph 
1. The youngest patient was 12 years of 
age, and the oldest was 78 years. The 
average age of these patients was 42 years. 
This compares with the age incidence in 
Kronenberg’s '® series of iris tumors, 40 
years, and Reese’s * series, 46 years, and 
contrasts with the average age of the patient 
with melanoma of the choroid as found by 
Kronenberg,’® 52.6 years. Friedenwald and 
associates ® attribute this younger age inci- 
dence of iris melanoma possibly to their 
recognition at an earlier stage of develop- 
ment, dependent upon their ready visibility. 

Many of the patients could recall the 
presence of a pigmented iris lesion for many 
years (Graph 2). Reese * comments on the 
not uncommon development of a malignant 
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melanoma of the iris from a preexisting 
benign melanoma. Five patients had had a 
lesion more than 10 years, while 10 patients 
had had a lesion from 1 to 10 years. Less 
than half of the patients had been aware 
of the lesion for less than a year. In 15 
patients there was a history of recent in- 
crease in size of the lesion, and in 2 of 
these patients this increase in size was noted 
after trauma to the eye. 

The usefulness of these eyes is reflected 
in the visual acuity recorded at the time of 
initial examination. Twenty of the eyes (or 
74% of the 27 in whom records were avail- 
able) had a visual acuity of 20/20 or better. 
In one patient visual acuity was 20/30. In 
two eyes vision was reduced to counting 
fingers; in two there was light perception 
only, and in two there was no light percep- 
tion. In this group, with greatly reduced or 
absent vision, glaucoma of long standing 
was present. 


There was clinical or microscopic evidence 
of glaucoma in 9 cases, with absence of 
glaucoma noted in 18 cases. No information 
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Graph 2.—Duration of pigmented lesion in 
malignant melanoma of iris. 
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concerning glaucoma was available in one 
case. 

The treatment varied between two pro- 
cedures—iridectomy and enucleation. Six 
of the cases were treated by iridectomy 
alone. Enucleation was the primary pro- 
cedure im 18 cases. In four cases an 
iridectomy was performed initially and when 
the diagnosis of malignant melanoma was 
made the eye was removed. The changing 
patterns of therapy are of interest. During 
the period 1925 to 1934 there were nine 


Fig. 2—Malignant 
melanoma of iris. Spindle 
cells with melanoblasts. 
Hematoxylin and eosin; 
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Fig. 1—Malignant 


cells A and B. Hema- 
toxylin and eosin; & 480. 


cases. Four of these were treated by iridec- 
tomy alone. In two others an attempt was 
made to treat the case by iridectomy but 
incompleteness of tumor removal predicated 
subsequent enucleation. During this period 
only three of the nine eyes had enucleation 
as a primary procedure. In the period 1934 
to 1956 nineteen eyes were examined. In 
only two of these was iridectomy alone per- 
formed. Two others had iridectomy fol- 
lowed by enucleation, while fifteen eyes had 
enucleation as a primary procedure. 


melanoma of iris. Spindle 
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Fig. 3—Malignant 
melanoma of iris. Spindle 
cells, melanoblasts, and 
epithelioid cells. Note 
lack of cohesiveness of 
the epithelioid cells. 
Hematoxylin and eosin; 
X 480. 


The microscopic differentiation of the 
benign from the malignant melanoma may 
be very difficult. The benign tumors tend 
to be well localized, though they may extend 
‘deep into the stroma. They are usually 


composed of heavily pigmented melano- 


blasts. The malignant tumors, on the other 
hand, frequently break through the anterior 
limiting layer of the iris and extend along 
the anterior surface of the iris. The exten- 
sion into the stroma is more diffuse, and 
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infiltration of the sphincter muscle is not 
uncommon. 

The cell type varies from tumor to tumor. 
Large melanoblasts similar to those of the 
benign tumors may predominate, but with 
them typical spindle cells of the A and B 
types are found (Figs. 1 and 2). They may 
form the fascicular pattern seen in choroid 
melanomas. The combination of spindle 
cells and large epithlioid cells gives a char- 
acteristic mixed picture (Fig. 3). On the 


Fig. 4—Malignant 
melanoma of iris. Area 
of tumor composed pri- 
marily of nevus-type cells. 
Hematoxylin and eosin; 
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Fig. 5—Malignant 
melanoma of iris. Ar- 
rangement of groups of 
nevus cells into typical 
nests. Hematoxylin and 
eosin; 125. 


other hand, nevus cells, very rarely found 
in choroid melanomas, may be present ( Fig. 
4), at times arranging themselves in charac- 
teristic nests (Fig. 5). The location of 
nevus-like cells in the stroma with the break 
through and proliferation of spindle cells 
on the anterior surface was noted long ago 
by Knapp § and was frequently seen in our 
cases (Fig. 6). 

In the present study spindle cells pre- 
dominated in 13 tumors, spindle cells plus 
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melanoblasts in 5 tumors, and spindle cells 
plus nevus cells in 5 tumors. The typical 
mixed cell pattern was seen in five tumors, 
but in none of these were epithelioid cells 
a prominent element. The amount of pig- 
ment varied markedly from tumor to tumor. 
There were 12 tumors with a great deal of 
pigment, 8 with moderate pigment, and 8 
with little pigment. 

The location of tumors within the iris 
also varied. In 3 of the 28 cases the exact 


Fig. 6—Malignant 
melanoma of iris. Groups 
of nevus-type cells in iris 
stroma with spread of 
spindle cells along an- 
terior sur face. Hema- 
toxylin and eosin; X 125. 
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location could not be determined. Only one 
tumor was localized near the pupillary 
margin. Three were well localized in the 
midzone between pupil and root. Com- 
moner was the origin near the root, present 
in eight cases. In 13 cases the tumor had 
extended throughout the entire limb of the 
iris at the time of enucleation. Two of this 
group might be classified as the ring type of 
tumor, as the tumor had extended around 
to the opposite limb, forming a thick layer 
of tumor cells on the anterior surface of 
the iris. In both of these cases hetero- 
chromia iridum had been noted clinically. 

In the 22 enucleated eyes invasion of the 
ciliary body occurred in 14 cases. Extension 
of the tumor into the chamber angle on the 
side of the tumor was even commoner, oc- 
curring in 19 of the 22 enucleated eyes. In 
two of the cases in which there were no 
tumor cells in the angle on the side of the 
iris tumor, examination of the chamber 
angle on the opposite side did disclose tumor 
cells. Presence of tumor cells in the angle 
opposite to the side of the tumor occurred 
in a total of nine cases (Fig. 7). In fact, 
in only 1 of 22 enucleated eyes were the 
chamber angles on each side of the specimen 
completely free of tumor. 

Among the nine enucleated eyes with 
glaucoma the chamber angle was involved 
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Fig. 7—Malignant 
melanoma of iris. Exten- 
sion of pigmented tumor 
cells into chamber angle 
on opposite side of eye. 
Hematoxylin and eosin; 


Follow-Up of Patients with Malignant Melanoma 
of Iris 


Years Patients, 


Followed No Remarks 
20+ 1 dead of pneumonia after 32 yr. 
19-15 


7 
14-10 3 
9-5 9 1 dead of metastatic melanoma after 8 yr. 
7 1 dead of cerebral thrombosis after 3 yr. 


with tumor in every case. Among the 11 
enucleated eyes in which glaucoma was not 
present clinically, the angle was involved 
to some extent in 10 cases. This varied 
from complete filling of the angle on the side 
of the tumor to the presence of only a few 
tumor cells in the trabecular meshwork. 
The clinical follow-up of these patients 
with malignant melanoma is of interest. The 
distribution of patients in each five-year 
interval of follow-up is shown in the Table. 
Of the 28 patients in the series, 21 have 
been followed for five years or longer. In 
this group of 21 patients there has been only 
1 patient who has shown evidence of re- 
currence or metastasis. This patient died 
eight years after enucleation from wide- 
spread melanomatosis. One other patient, 
32 years after local excision of the malignant 
melanoma, died from an unrelated cause. 
The remaining patients in this group are all 
living. Thus, with 1 death from tumor in 
the group of 21 patients, there is a five-year 


209 


4 


PRIMARY TUMORS OF IRIS 
— 
. 


mortality rate of 4.8%. Callender and asso- 
ciates,? following a similar group of 32 
patients for five years or longer, found a 
mortality rate of 9.4%. Both of these figures 
are interesting to compare with the latter 
authors’ study of malignant melanomas of 
the choroid and ciliary body, in which there 
was a five-year mortality rate of 48%. 
The lower mortality rate in melanomas 
of the iris as compared with those in the 
choroid and ciliary body has been noted 
by other observers and has been possibly 
attributed to early and ready visibility of 
these tumors and their subsequent early 
removal.* Also, Wilder '' has suggested that 
the small thick-walled vessels of the iris, 
in contrast to the thin-walled vessels of the 
choroid, more readily resist invasion of 
tumor cells and do not as readily form new 
vascular channels within the tumor. Our 
observations do not completely bear out 
this last premise. Many of the tumors 
contained numerous thin-walled vascular 
channels (Fig. 8), very reminiscent of the 
vascular pattern within choroidal tumors. 
Frequently, tumor cells were palisaded 
about these vessels. Finally, in many of the 
enucleated eyes the tumor was discrete and 
localized and could presumably have been 
completely removed by iridectomy. How- 
ever, on examination of either the angle 


210 


A. M. A. ARCHIVES OF 


OPHTHALMOLOGY 


Fig. 8—Malignant 
melanoma of iris. Large 
blood vessels in sheet of 
spindle-type tumor cells 
on anterior surface of 
iris. Hematoxylin and 
eosin; 125. 


adjacent to the tumor or the angle on the 
opposite side there were frequently seen 
depositions of tumor cells. One has to ques- 
tion whether such cells were not present in 
those eyes in which iridectomy only was 
performed. Five such cases treated solely 
with iridectomy have been followed from 9 
to 32 years, and none of these has shown 
evidence of recurrence or metastasis. The 
predominance of spindle-cell Types A and 
B—cell types associated choroidal 
melanomas with a lower incidence of re- 
currence and metastasis—may among this 
group of iris tumors be a contributing factor 
to the low mortality rate. 

The one patient who did develop metas- 
tases and die is of unusual interest from 
the point of view of both the clinician and 
the pathologist and will be presented in some 
detail. 

A 27-year-old white male farmer was 
first seen in the Wilmer Clinic in 1931 with 
the chief complaint of hazy vision, right 
eye, of one year’s duration. On examination 
vision in the right eye was 20/30+2. The 
tactile tension was elevated. The right iris 
was brown, described as “atrophic,” and 
was covered with a ridge of light-colored 
vascularized nodules. A large iris cyst was 
noted at the pupillary margin above. The 
left iris was blue. The initial impression 
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was “glaucoma, secondary; melanoma, 
malignant ( ?) ; iris cyst.” 

Though hospitalization was advised, he 
did not return until 10 days later, with an 
intraocular tension of 75 mm. Hg 
(Schietz). A trephine operation was per- 
formed, at which time the iris cyst was 
biopsied. Dr. Jonas S. Friedenwald gave 
the following report: “The specimen is con- 
siderably folded and landmarks are difficult 
to make out... . Near the region of the 
sphincter there is a definite thickening of 
the iris stroma due to the accumulation of 
large numbers of melanophores. It is diffi- 
cult to make differential diagnosis between 
benign and malignant tumor but the general 
arrangement of the 
hyaline walls of the capillaries in this region 
tend to make one believe the lesion was 


benign.” 


melanophores 


During the next two months the yellowish- 
gray nodules increased in size and number 
along the surface of the iris. Another iris 
biopsy was performed. The report was 
malignant melanoma. This specimen did not 
resemble the previous one. The tumor, 
composed of spindle cells and many epithe- 
lioid cells with numerous mitotic figures, 
had completely infiltrated the iris stroma. 
Two days later the eye was enucleated. The 
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entire iris was diffusely thickened and ir- 
regularly infiltrated with tumor cells. 

Seven years later the patient was seen 
again and gave a history of intermittent 
episodes of dull pain in his left hip, which 
had begun two and one-half years previ- 
ously. On examination the left hip was 
enlarged, tender, and limited in motion. 
X-ray showed “a large destructive lesion 
in the major portion of the innominate bone 
due to carcinoma metastases.” On examina- 
tion of the abdomen a large nontender mass 
filling the entire left flank from ribs to pelvis 
was palpable. 

The patient died four months later at 
another hospital. Autopsy was limited to a 
small left lower quadrant incision. Through 
this, a soft irregular tumor mass which had 
replaced the pelvic bone was felt. No 
nodules in liver, spleen, or other abdominal 
viscera were palpable. The palms and soles 
were heavily pigmented. Microscopically 
the tumor was composed primarily of cells 
with spindle-shaped basophilic nuclei. Little 
pigment was associated with this type of 
cell, but occasionally nests of epithelioid 
cells, associated with melanin pigment, were 
noted (Fig. 9). 

Leiomyoma 


The infrequency of occurrence of these 
tumors has been noted. There was one in 


Fig. 9—Malignant 
melanoma of iris. Metas- 
tasis to pelvis with pres- 
ence of many epithelioid 
cells. Hematoxylin and 
eosin; XX 480. 
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Fig. 10. — Leiomyoma 
of iris. Long, | blunt- 
ended nuclei with myo- 
glial fibrils. Mallory 
phosphotungstic acid he- 
matoxylin stain; x 480. 


the present study. The difficulty of differen- 
tiating them clinically from malignant 
melanomas has been commented upon by 
Friedenwald and associates. Reese '* has 
listed the criteria for microscopic diagnosis. 

A 16-year-old white girl was discovered 
during the course of a routine physical ex- 
amination to have a small growth near the 
pupillary margin of her left iris. Examina- 
tion by an ophthalmologist three years 
previously had been normal. 

Ophthalmologic examination, March 9, 
1940, revealed corrected visual acuity, left 
eve, of 20/20. There was a small, slightly 
elevated, light-brown tumor of the left iris. 
This was located temporally at 3 o'clock, 
extended from the pupil to a little more 
than half the distance to the root, and 
measured about 3 mm. horizontally by 2 mm. 
vertically. The pupil dilated normally with 
mydriatics. The intraocular tension, oph- 
thalmoscopic, and visual-field examinations 
were normal. 

The tumor was thought to be a non- 
pigmented malignant melanoma of the iris. 
The patient was seen by numerous con- 
sultants in Baltimore, Washington, and 
New York, who expressed divergent 
opinions regarding the operative procedures 
to be followed—iridectomy or enucleation. 
Eventually enucleation was performed. 
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Microscopic examination revealed a well- 
localized unencapsulated tumor, extending 
from the pupillary margin half way to the 
root of the iris. The tumor was about three 
times the thickness of the normal portion of 
the iris limb. It was composed of interlacing 
whorls of spindle-shaped cells with fine 
fibrillar-like cytoplasmic processes. The 
Mallory phosphotungstic acid hematoxylin 
stain particularly emphasized the myoglial 
fibrils (Fig. 10). The nuclei, uniform in 
size, were elongated, with rounded blunt 
ends. Small nucleoli were occasionally 
noted, and coarse chromatin material was 
prominent. No miotic figures were seen. 
Small amounts of melanin pigment were 
seen within the cytoplasm of a few cells. 
The presence of pigment is not incompatible 
with leiomyoma, as these tumors arise from 
neuroectoderm with a pigment-producing 
potential. It was not possible to determine 
whether this tumor arose from dilator or 
sphincter muscle. 

The pathologic diagnosis was leiomyoma 
of the iris. Sixteen years after enucleation 
the patient was living and well. 


Tumors of Iris, Uncertain Histogenesis 


There was one tumor in the series which 
fit into no well-defined histopathological 
category. 
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A 23-year-old white man was told by an 
ophthalmologist three years previously that 
he had a brown spot in his right eye. Then 
recently, within six weeks’ time, the lesion 
was noted to have approximately doubled 
in size, 

On examination visual acuity, right eye, 
was 20/15. On the lower nasal quadrant 
of the right iris, stretching from near the 
base of the iris to the pupillary margin, was 
a small, elevated, pink, well-vascularized 


nonpigmented lesion measuring 3 mm. 


Fig. 12. — Tumor of 
iris, uncertain histogene- 
sis. High power of large 
multinucleated cells. 
Hematoxylin and eosin; 


x 480. 
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Fig. 11. — Tumor of 
iris, uncertain histogene- 
sis. Spindle cells and 
large multinucleated cells. 
Hematoxylin and eosin; 


horizontally, 4 mm. vertically. The clinical 
diagnosis was lymphosarcoma of the iris, 
and the eye was enucleated. 

Microscopic examination revealed a com- 
pact unencapsulated tumor two or three 
times the thickness of the iris and extending 
from the pupillary margin to within 2 mm. 
of the root of the iris. It was composed of 
cells with streaming cytoplasmic processes. 
The nuclei varied from the typical spindle 
shape with sharply tapered ends to long 
blunt-ended ovoid shapes. There was con- 
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siderable variability in the size of these cells 
(Fig. 11). No myofibrils were positively 
identified, though the Masson trichrome 
stain disclosed fibrils which were suggestive 
of these. There was a tendency for these 
cells to be arranged in interlacing whorls. 
However, scattered diffusely throughout the 
tumor were numerous large, bizzare, multi- 
nucleated giant cells (Fig. 12). These con- 
tained varying amounts of pink-staining 
cytoplasm. Other cells possessed large ir- 
regular vesicular nuclei. A small amount of 
melanin pigment was seen in the tumor. 

Dr. Jonas Friedenwald called this tumor 
a melanoepithelioma. Others were of the 
opinion that it was of smooth muscle origin. 
It appears to be identical with the iris tumor 
of doubtful histogenesis depicted on Plate 
CXCVI, “Ophthalmic Pathology: An Atlas 
and Textbook.” ® 

One year later this patient was living and 
well. 


Summary 


Forty-three primary tumors of the iris 
examined at the Wilmer Institute between 
1925 and 1956 are reported. 

Thirteen of these tumors were benign 
melanomas. One tumor was a leiomyoma, 
the 22d such tumor to be reported indi- 
vidually in the literature. There was one 
tumor of uncertain histogenesis, character- 
ized histopathologically by the presence of 
spindle cells and large, bizzare, multinu- 
cleated giant cells. 

The remaining 28 tumors were malignant 
melanomas of the iris. All of these occurred 
in the white race. There was a higher inci- 
dence in females. The average age of the 
patients was 42 years. The visual acuity 
was good unless glaucoma had developed, a 
complication occurring in one-third of the 
cases. Microscopically, the majority of 
these tumors were spindle-cell in type. They 
tended to be located near the root of the iris, 
and invasion of the ciliary body was com- 
mon. Extension or deposition of tumor 
cells in the chamber angle was also a fre- 
quent finding. Treatment varied between 
enucleation as a primary procedure (18 
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cases) and iridectomy alone (6 cases). In 
four other cases enucleation was performed 
after a preliminary iridectomy had disclosed 
a malignant melanoma. In 21 cases followed 
five years or longer there was evidence of 
recurrence of the tumor in 1 case, this pa- 
tient dying of widespread melanomatosis. 
Some possible factors contributing to this 
low mortality rate of 4.8% are mentioned. 


Wilmer Institute, The Johns Hopkins Hospital 
(3). 
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Editorial Announcement 


This issue of the A. M. A. ARCHIVES OF OPHTHALMOLOGY adapts the gummed 
stamp idea to medical illustrations in color.* This is primarily an experiment to 
determine reader reaction to a method that offers certain advantages but which may 
also involve a nuisance factor which may make it impractical from the reader’s 
point of view. The Editorial Board of the ARCHIVES OF OPHTHALMOLOGY wel- 
comes your comment before considering the adoption of this practice. 

The idea is to reproduce as many color illustrations from as many different 
papers as possible on one page, so as to drastically reduce the cost of color 
reproduction to each author. The page used in this issue of the ARCHIVEs is not a 
good example of this distribution of cost, since all illustrations are from the 
same article. If, however, each of the nine illustrations came from a different 
author, the total cost of the page would be divided nine ways, which would 
amount to approximately $50.00 for each illustration. If a page included ten 
subjects, two illustrations from each of five authors, the cost to each would be 
twice the unit cost, or approximately $90.00. 

Obviously, one advantage of this method is to encourage more use of color 
in the journal at a reduction in cost to the author and publisher. Another advan- 
tage, with each illustration properly keyed to the body of the paper, is to have 
the color illustration with the descriptive matter rather than a page or two away 
from its reference in the text. From the mechanical aspect of making up the 
journal, the color page can always be inserted as the last page of the issue at a 
minimum of cost. It would eliminate maximum cost and some make-up difficulties 
ordinarily involved in inserting the color plate as near the reference as possible. 

Perforation outlines each subject for easy separation. The gummed illustra- 
tion is then stuck in the space marked for it. The proper illustration for the 
proper space is identified first by the figure number and author. If the page 
carried the illustrations of more than one author, each would be identified by 
figure number and author. The reader is able to further verify the illustration 
for a given page by comparing it with the black and white figure which occupies 
the appropriate space on that page. This black and white impression does not 
represent the complete illustration. It is an impression made from the one color 
plate which best identifies the subject. It is purposely made different from a 
regular halftone to emphasize the fact that it is an area in which color is to be 
placed. 

Some readers have already indicated that they would personally want to paste 
the illustration in its proper location. They feel that more attention and study 
will be given to the illustration if they do this. Others have approved the idea 
that a color subject should be close to its reference in the text, providing that 
this has been accomplished without effort on their part. They suggest that their 
secretary or nurse would derive some educational benefit from transferring the 
illustrations. However it is done, we ask only that you participate in this experi- 
ment so that we may have the benefit of your experience with the practice. 

This is only an experiment. We may discover mechanical difficulties which 
we fail to see now. If the advantages outweigh the nuisance factor, if such does 
exist, we will most certainly work toward eliminating the difficulties encountered. 
We will welcome your suggestions in this direction. 

Francis H. Apier, M.D. 


* A perforated sheet of illustrations in color will be found just inside the front cover. 


and Ciliary Body 


A Clinical Study 


Introduction 


This paper reports 97 eyes (49 patients), 
all showing a group of intraocular pigment 
changes due to an idiopathic atrophy of the 
retinal layers of the iris and probably the 
ciliary body, which we believe comprise a 
single clinical entity. The condition is often 
associated with glaucoma. Most of the pig- 
ment changes are well known, but usually 
they have been described with little or no 
attempt to correlate them into a disease com- 
plex. They consist of (1) punctate pigment 
deposition on the corneal endothelium, 
usually in the form of a Krukenberg spin- 
dle; (2) speckling of the anterior surface of 
the iris with pigment; (3) pigmentation of 
the trabecular area of the anterior cham- 
ber; (4) pigment on the posterior surface of 
the lens near the equator, occasionally in the 
form of a ring, and (5) atrophy of the 
epithelial layers of the iris. Glaucoma that 
follows a chronic simple (open-angle) course 
is frequently present. 


Gonioscopic observations of the posterior 
chamber in this condition are described for 
the first time. The ciliary processes, an- 
terior and posterior zonular fibers and mem- 
branes, and the periphery of the lens can 
be seen with the pupil widely dilated. The 
zonular fibers and membranes show rather 
characteristic pigmentation. The equator of 
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Idiopathic Atrophy of the Epithelial Lavers of the Iris 


the lens invariably shows punctate pigment 
deposition and at times shows a ring of 
pigment near the equator. The pigment of 
the epithelial layers of the iris is liberated 
and then deposited throughout the anterior 
portion of the eye. 

The pigment arises from the epithelium 
of the iris, and probably the ciliary body, as 
a result of an idiopathic atrophy. Pigment is 
released and deposited throughout the an- 
terior portion of the eye. The atrophy can 
be demonstrated by transillumination, which 
reveals a rather typical pattern of transmis- 
sion of light through the iris. Varying de- 
grees may occur. When the atrophy is mild, 
small isolated triangular or elliptical de- 
hiscences of pigment which transmit light 
can be seen at the periphery of the iris. 
When the atrophy is more severe, these areas 
are more numerous and may be continuous 
around the base of the entire circumference 
of the iris. When extreme, the entire iris up 
to and including portions of the pupillary 
space may transilluminate. However, even 
when the atrophic process is advanced the 
periphery of the iris remains the most af- 
fected. The diagnostic importance of trans- 
illumination of the iris is emphasized. Most 
eyes with Krukenberg-spindle formation 
and heavily pigmented trabecular regions 
transilluminate to-seme-degree, but the atro- 
phy is easily missed by other types of 
examination because the overlying stroma 
appears normal except when covered by pig- 
ment flecks. 


Historical Review 


Krukenberg spindle formation was first 
described by Krukenberg! in 1899. An ex- 
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cellent review of the literature by Evans, 
Odom, and Wenaas ** appeared in 1941, in 
which they collected 202 patients. Myopia 
was the most consistent finding, although 
Krukenberg spindle occurred in either hy- 
permetropic or emmetropic eyes. It was 
found in only a slightly higher percentage 
in women and in eyes with dark irises. Most 
of the patients apparently had not been 
examined by gonioscopy, and no attempt 
was made to correlate spindle formation 
with pigmentation of the trabecular area. 
Forty-four of the patients showed some dis- 
turbance of iris pigment and pigment flecks 
on the iris. Pigmentation at the periphery 
of the lens in the form of an annular band 
was noted in seven eyes. No common etio- 
logical factors were found. Zentmayer,* in 
1938, reported the first annular pigmentation 
of a lens associated with Krukenberg spin- 
dle in this country. He suggested that the 
pigment on the lens was of congenital origin 
and that the spindle might have originated 
from pigment which had migrated forward 
from the lenticular deposit. Cameron,* in 
1941, reported a similar case. He found no 
free pigment in the retrolental space and 
concluded that the absence of free pigment 
behind the lens indicated that the spindles 
came from pigment derived entirely from 
the iris. Bellows,® in 1944, likewise reported 
a patient with Krukenberg spindle formation 
and a dense brown pigment ring around the 
entire circumference of the lens, seen with 
the pupils dilated. Calhoun,® in 1953, found 
two more lenticular pigment rings in 11 pa- 
tients with Krukenberg spindles reported by 
him. 

Although the origin of the pigmentation 
which comprises the spindle has been dis- 
cussed at lenth in the literature, pathologic 
evidence implicating atrophy of the iris has 
been reported in eyes with Krukenberg 
spindle studied by Hanssen,’ in 1923; Kay- 
ser,® in 1929, and Korobova,® in 1929. All 
reported degeneration of the retinal layers 
of the iris and, to some extent, of the ciliary 
body. 

Evans, Odom, and Wenaas ** found that 
12 of 202 patients had glaucoma. Interest in 
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glaucoma associated with pigmentary dis- 
turbances has increased in recent years be- 
cause of the work of Barkan, in 1936; 
Sugar," in 1949, and Calhoun® and by 
growing interest in the outflow mechanism 
of the eye stimulated by the development 
and use of gonioscopy and tonography. 
Levinsohn,'* in 1908; in 1916, 
and many others since have suggested that 
pigment lodging in the trabecular area can 
cause glaucoma by producing an obstruction 
to outflow of aqueous. Van Beuningen,™ 
in 1954, has been extremely interested in 
this phase of glaucoma and has attempted 
to measure pigmentation of the angle. 
Interest in transillumination of the iris 
has been casual and usually only incidentally 
mentioned. Among the authors who have 
mentioned it are Thiel, in 1931, and Kay- 
ser. Kayser mentioned transillumination of 
the eyeball and described gaps in the retinal 
pigment layer of the iris which appeared as 
red lightning spots. Thiel stated that 
in extreme cases of pigment dispersal trans- 
illumination demonstrated considerable 
atrophy of the iris. Senile absorption of the 
pigment seam is mentioned throughout 
ophthalmic literature but it is quite different 
in appearance from the pattern seen with 
Krukenberg-spindle formation and the as- 
sociated atrophy of the retinal layers of the 
iris. We have found no mention of gonio- 
scopic study of the posterior chamber nor 
mention of the zonular fibers and membrane. 


Clinical Study 


The ocular findings of 49 patients (97 
eyes) are outlined (Table). These observa- 
tions were recorded by one of us (H. G. S.) 
over a period of 10 years from patients 
gathered from the private practices of Dr. 
Francis Heed Adler, Dr. William C. Frayer, 
and Dr. Harold G. Scheie and from the 
glaucoma clinic of the Hospital of the 
University of Pennsylvania. Interest was 
first aroused by the occasional patient with 
chronic simple glaucoma whose eyes showed 
massive pigmentation of the trabecular area. 
Special note was made of these patients, and 
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as they accumulated it seemed that pig- 
mentary glaucoma was probably only a com- 
plication of an extensive pigment disturbance 
within the eye. 

All of the patients in this study had some 
pigmentation of the trabecular portion of the 
angles, and nearly all were classified Grade 
IV, or massively pigmented. A system of 
grading angle pigmentation was devised 
which employs categories based on increas- 
ing pigmentation ranging from angles with 
no pigment to those with very heavy pig- 
mentation, or Grade IV.1° The amount of 
pigmentation in the trabecular portion of the 
angle of the anterior chamber varies greatly 
from person to person and tends to increase 
with age. When massively pigmented, the 
trabecular portion may be densely covered 
by pigment as if plastered by black mortar. 
In evaluating patients with chronic simple 
glaucoma, it was presumed that when Grade 
IV pigmentation was present the pigment 
very probably contributed to the rise in ten- 
sion by obstructing aqueous outflow. 
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Soon after becoming interested in eyes 
with heavily pigmented angles, we learned 
that the vast majority had Krukenberg spin- 
dles and that, likewise, most patients with 
Krukenberg spindles had marked pigmenta- 
tion of the trabecula and many had glau- 
coma. We therefore grouped all patients 
whom we encountered with either so-called 
pigmentary glaucoma or Krukenberg spin- 
dles into the same category for purposes of 
this study. We also learned, at first acci- 
dentally by ophthalmoscopic examination, 
that light reflected from the retina of some 
of these eyes demonstrated dehiscences in 
the pigment layer at the periphery of the 
iris. This led to scleral transillumination 
with a transilluminator placed on the globe 
near the equator, a method which revealed 
dehiscences of pigment in most of the eyes 
with Krukenberg spindles or pigmentary 
glaucoma. The extensive changes found in 
the angle of the anterior chamber and in the 
iris led to gonioscopic examination with the 
pupils widely dilated to permit examination 
of the posterior chamber. Definite pigmen- 
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tary changes were found on the lens and 
zonular fibers and membranes. A systematic 
study of this was therefore instituted. All 
eyes were subjected to detailed examination, 
including study of the anterior segments 
with a slit lamp and corneal microscope, 
ophthalmoscopic examinatien, gonioscopic 
examination wth the pupils both normal 
size and widely dilated to reveal the posterior 
chamber, and transillumination. 


Presentation of Data 


A. Correlation with Age and Sex.—The 
group of patients in this study ranged in 
age from 15 to 70 years (Table). Six of 
the patients were under 30 years, fourteen 
were 31 to 40 years, twelve were 41 to 50 
years, eight were 51 to 60 years, and nine 
were 60 to 70 years of age. The youngster 
of 15 years, the 6 patients under 30 years 
and the 20 patients under 40 years of age 
indicate a rather early onset of this pig- 
mentary disturbance. Nineteen of the pa- 
tients were female, and thirty were male. 

B. Color of Iris.—No predilection for 
brown or blue eyes was revealed. There 
were 21 cases in brown eyes, 24 in blue, 
and 4 in hazel. Two patients were Negroes. 


C. Krukenberg Spindle and Pigmentation 
of the Trabecula.—Krukenberg spindle for- 
mation was present in 92 of 97 eyes. No 
attempt was made to grade the density of 
spindle formation, but occasionally it was 
more marked in one eye than in the other. 
In such instances, the pigment deposition 
elsewhere in the anterior segment was more 
marked in the eye with the denser spindle 
and iris atrophy was also more apparent. 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


Examination of these eyes with a slit lamp 
and corneal microscope almost invariably 
demonstrated considerable punctate pigment 
elsewhere on the corneal endothelium, 
especially near the periphery (Figs. 1-4). 
Goar,!? in 1928, has previously pointed this 
out. 

The trabecular portion of the angle was 
usually heavily pigmented, but in some eyes 
a smaller degree of pigmentation was found 
(Figs. 1-4). This was true because the 
majority of eyes in this study were in 
patients in whom the suspicion of glaucoma 
or the presence of Krukenberg spindles had 
led to study of the angles. The evaluation, 
therefore, is largely one of studying the 
degree of pigmentation of the angle of the 
anterior chamber in eyes with Krukenberg 
spindle formation or glaucoma. Sixty-five 
of the ninety-two eyes with Krukenberg 
spindles showed Grade IV, twenty-five 
showed Grade III, one showed Grade II, 
and one showed Grade I pigmentation of 
the angle. The pigmentation of the angle 
was more marked in eyes with the heaviest 
spindles and the most marked iris atrophy. 

Krukenberg spindles were absent in only 
five eyes. In these eyes, some punctate pig- 
ment deposition was seen on the cornea, 
although not in spindle distribution. Two of 
these eyes were in one patient and showed, 
in addition, Grade IV pigmented angles, 
iris atrophy by transillumination, and glau- 
coma. The other three were in patients in 
whom the fellow eye had a Krukenberg 
spindle. One eye showed Grade II pigmenta- 
tion of the angle, and the other two showed 
Grade III pigmentation. Iris atrophy was 
noted by transillumination in two of the 


Fig. 1—Gonioscopic drawing show- 
ing massive pigmentation of angle of 
anterior chamber and punctate pig- 
ment deposition at insertion of pos- 
terior zonular fibers. A, periphery of 
cornea; B, Schwalbe’s line; C, trabec- 
ula; D, zonular fibers and mem- 
branes; E, hyaloideocapsular ligament. 
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three eyes, but it was not as marked as in 
the fellow eye, where spindle formation and 
pigmentation of the angle were denser. 


D. Pigmentation on the Posterior Aspect 
of the Lens and Zonular Fibers.—Nearly 
all of the patients were studied for evidence 
of pigment deposition on the posterior as- 
pect of the lens, the zonular fibers, and 
zonular membranes. The ciliary processes 
were observed whenever possible. Gonio- 
scopic examination of this area was accom- 
plished by dilating the pupils widely by 
three instillations of homatropine, 4% or 
2%, and phenylephrine (Neo-Synephrine), 
10%, at 20-minute intervals. Examination 
was done 30 minutes after the last instilla- 
tion. Visualization of the equatorial area of 
the lens was possible in all, the zonular 
fibers in most, and ciliary processes in many 
of the patients. Some degree of pigment 
deposition on the posterior lens capsule over 
the peripheral 3 mm. was a constant oc- 
currence (Figs. 1-4). The deposit of pig- 
ment and the posterior capsule of the lens, 
the zonular fibers, and the anterior limiting 
membrane of the vitreous offered an excel- 
lent method of studying the anatomy of this 
portion of the angle of the anterior chamber 
in the living eye. Normally, little or no 


Fig. 3.—Gonioscopic draw- 
ing showing punctate pig- 
ment deposition at periphery 
of cornea, massive pigmen- 
tation of angle, and complete 
ring of pigment on posterior 
lens capsule. A, periphery 
of cornea; B, Schwalbe’s 
line; C, trabecula; D, zonu- 
lar fibers and membranes; 
E, hyaloideocapsular liga- 


ment. 
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Fig. 2.—Gonioscopic drawing show- 
ing punctate pigment deposition at 
periphery of cornea, massive pig- 
mentation of angle, pigment on sur- 
face of iris, and discrete pigment 
deposits on posterior lens capsule oc- 
curring at levels, approaching 
ring formation. A, periphery of cor- 
nea; B, Schwalbe’s line; C, trabecula; 
D, zonular fibers and membranes; F, 
hyaloideocapsular ligament. 


two 


pigment is present. One sees a glistening 
irregular linear reflex with scalloped edges 
toward the center of the lens, running in an 
area approximately 3 mm. within the equa- 
tor on the posterior capsule, which repre- 
sents the attachment of the anterior vitreous 
to the lens, or the ligamentum hyaloideo- 
capsulare. With the Koeppe lens and Barkan 
hand light for focal illumination, the space 
between the posterior zonular lamella and 
the anterior limiting membrane of the 
vitreous cannot be seen. However, in per- 
sons with pigment dissemination, the pig- 
ment frequently lodges in the angle or 
crevice between the face or anterior limiting 
membrane of the vitreous and the periphery 
of the posterior surface of the lens and 
extends onto the surface of these structures 
away from the angle. In 12 eyes a complete 
ring of pigment formed around the entire 
periphery of the lens; the individual layers 
then became visible. In 14 others, a broken 
or incomplete ring involving varying degrees 
of the circumference could be seen. In a 
small number of eyes the pigment deposition 
was largely on the face of the vitreous, and 
in some it formed a sheet-like deposit on 
the anterior limiting membrane which could 
be seen posterior to the zonular fibers and 
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membranes (Fig. 4). When pigmentation 
was less marked, a variable degree of pig- 
ment deposition in the form of discrete 
punctate dots on the posterior lens capsule 
could be seen, usually at the insertion of the 


Fig. 4B.—Cross section showing deposition of 
pigment on anterior limiting membrane of vitreous. 
A, anterior zonular membrane and fibers; B, pos- 
terior zonular fibers and membrane; C, pigmentary 
deposit ; D, anterior limiting membrane of vitreous. 


zonular fibers. These frequently occurred 
at two levels. One was at the ligamentum 
hyaloideocapsulare, and another was approx- 
imately half-way from there to the equator 
of the lens. The dots were most numerous 
and the pigment densest at the site of the 
ligamentum hyaloideocapsulare, which is the 
point where the continuous annular ring de- 
veloped. Finer punctate dots of pigment 
could be seen elsewhere and extending over 
the zonular membranes, both anteriorly and 
posteriorly. The fibers themselves in many 
patients had a bronze appearance. 

E. Ciliary Processes—No_ consistent 
changes could be seen in the ciliary pro- 
cesses. In a few instances the impression of 
a somewhat waxy or pale appearance was 
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Fig. 4A.—Gonioscopic drawing show- 
ing punctate pigment deposition at 
periphery of cornea and massive pigmen- 
tation of angle, with pigment on posterior 
lens capsule extending onto the anterior 
limiting membrane of the vitreous. A, 
periphery of cornea; B, Schwalbe’s line; 
C, trabecula; D, zonular fibers and mem- 
branes; E, hyaloideocapsular ligament ; 
F, pigmentary deposit on anterior limit- 
ing membrane of vitreous. 


gathered, but we could never be certain of 
its significance. 

F. Transillumination.—T ransscleral trans- 
illumination of all eyes was done with the 
pupil undilated. The eye was anesthetized; 
the transilluminator was placed on the sclera 
near the equator, and the iris was observed 
through a binocular loupe in a dark room. 
Nearly all eyes showed characteristic wedge- 
shaped or elliptical areas at the periphery of 
the iris which were transilluminated (Fig. 
54, B, C). When transillumination was 
minimal, it was limited to one or two areas 
at the extreme periphery of the iris, most 
often in the 6 o’clock meridian. When it 
was more severe, multiple areas could be 
seen around the entire circumference of the 
iris, and when it was still more severe they 
were almost continuous. In extreme cases 
the atrophy extended to include the pupillary 
border at places, although it was always 
most marked at the periphery. 

The pigmentary deposition in the an- 
terior segment of the eye was always most 
marked in the eyes with marked iris atrophy. 
Twenty eyes showed localized transillumina- 
tion at the periphery of the iris limited to 
one quadrant of the iris. Thirteen showed 
scattered areas throughout the circumfer- 
ence of the iris. Forty-six showed contin- 
uous areas of basal transillumination, these 
being separated by fine lines, probably the 
skeletal meshwork of the iris stroma. In six 
the atrophy was so marked as to extend to 
the pupillary border, isolated blocks of in- 
tact pigment remaining here and there. 

Only 12 eyes showed no evidence of 
transmission of light. Six of these occurred 
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Fig. 5.—Drawings showing peripheral transil- 
lumination of iris. A, localized; B, circumferential 
continuous; C, to pupillary border. 


in patients in whom the fellow eye showed 
markedly pigmented angles, well-developed 
Krukenberg spindles, pigmentary deposits 
posteriorly on the lens, and iris atrophy, 
indicated by transillumination. The six eyes 
which did not transilluminate showed less 
evidence of pigment deposition and prob- 
ably represented an earlier stage of the 
disease. The other six eyes were found in 
three patients with heavily pigmented irises. 


Scheie—Fleischhauer 


Two were in Negroes and one was in a 
Caucasian with dark brown eyes. Atrophy of 
the epithelial layers in such heavily pig- 
mented persons probably becomes apparent 
only at a later stage than in more lightly 
pigmented persons. 


G. Pigmentary Glaucoma.—Each patient 
was studied carefully for evidence of glau- 
coma. The ocular tension was recorded 
repeatedly. The value listed in the Table is 
the average tension level untreated. Water 
provocative tests were done on all patients. 
The optic nerves were studied and visual 
fields were done, determined, with use of 
small white test targets on the tangent screen 
at 1 meter as well as 1/330 white on a 
perimeter. All patients were subjected to 
gonioscopy and found to have open angles. 
In general, the disease tended to be severe, 
particularly in younger persons. The 15- 
year-old patient had residual fields when 
first seen. 

A presumptive diagnosis of pigmentary 
glaucoma was made in 21 patients (42 eyes). 
This high incidence of glaucoma in patients 
with heavily pigmented angles is rather 
convincing. In studying these cases, al- 
though both angles were massively pig- 
mented, the greater pigmentation usually 
was seen in the eye with more advanced 
glaucoma. This was also true of the degree 
of transillumination of the iris, for the 
pigmentation on the posterior lens capsule 
and zonule, and for the Krukenberg spindle. 
In two of the patients the trabecula was 
only Grade III pigmented, which raises the 
question as to the validity of the diagnosis 
of pigmentary glaucoma and certainly as to 
the mechanism of obstruction to outflow of 
aqueous. The fact that many patients with 
Grade IV pigmented angles did not have 
glaucoma also is disturbing. This might be 
explained by a varied response on the part 
of the drainage mechanism to pigment 
deposition in different persons. 


An attempt was made to control the 
glaucomatous process medically in all pa- 
tients. This was successful in 27 eyes and 
failed in 15 eyes. Where medical treatment 
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failed, surgery was advised. One patient 
declined surgery. Another patient will be 
operated on in the near future. Pigmentary 
glaucoma seems to respond as well to fistu- 
lizing operations as ordinary chronic simple 
glaucoma. Six eyes were operated on by 
goniopuncture. Of these, the tension has 
been well controlled in both eyes of the 
15-year-old patient for six years, in one eye 
of the patient who was 29 years of age 
when operated on for five years, and in 
one eye of the 26-year-old patient for 
eight months, while the other has only 
recently been operated on. Pigmentary 
phenomena tend to diminish following fil- 
tering operations, probably by escape of 
pigment from the eye. In three patients 
pigment deposit lodged in the filtering scar, 
where it had been carried as a result of 
aqueous flow. 


Comment 


Extensive pigment deposition throughout 
the anterior portion of the eye has been 
described in 97 eyes (49 patients). We 
believe that this is an entity resulting from 
idiopathic atrophy of the epithelial layers 
of the iris and probably the ciliary body. 
The pigment was found (1) on the corneal 
endothelium, often in the form of a Kru- 
kenberg spindle; (2) in the trabecular area 
of the anterior chamber; (3) on the pos- 
terior surface of the lens near the equator, 
and (4) on the zonular fibers and mem- 
branes. Atrophy of the iris was demon- 
strated by transillumination of the eye, 
which demonstrates a characteristic pattern 
of dehiscences in the iris. Glaucoma fre- 
quently occurs as a complication. 

Krukenberg-spindle formation was first 
described in 1899 and at times has been 
reported occurring in association with heav- 
ily pigmented angles of the anterior cham- 


ber, glaucoma, and, rarely, annular 
pigmentation on the posterior surface 
of the lens near the equator. This 
paper has attempted to relate these 
findings more clearly into an_ entity 
and to emphasize the value of trans- 
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illumination of the eye to demonstrate the 
rather typical changes in the iris. Gonio- 
scopic observations of the posterior cham- 
ber, including the zonular fibers, periphery 
of the lens, and ciliary processes are de- 
scribed for the first time. 

Krukenberg-spindle formation, with little 
doubt, is only part of a generalized process 
of pigment dispersal and deposition. The 
pigment is distributed in the form of a 
spindle, probably as a result of convection 
currents. However, as other authors have 
speculated, it is difficult to understand why 
spindles should occur in some eyes and not 
in others, even when these are heavily pig- 
mented elsewhere. This is true, for example, 
in essential atrophy of the iris, where a 
great deal of pigment is liberated, and this 
situation was found in five of the 97 eyes 
studied in the present report. The degree of 
pigmentation of the various parts of the 
anterior portion of the eye was somewhat 
variable, but in general a very dense Kru- 
kenberg spindle usually indicated massive 
pigmentation of the trabecular area as well 
as heavy pigmentation on the posterior aspect 
of the lens and upon the zonular lamellae. 
Occasionally, however, spindle fermation 
was absent when the angle was heavily 
pigmented, but punctate deposits of pigment 
always could be seen on the corneal endo- 
thelium. The consistent finding of pigment 
deposition at the periphery of the posterior 
lens and upon the posterior zonular mem- 
branes seemed to suggest clinically that the 
ciliary pigment epithelium participated in 
the same atrophic process that affected the 
iris. In view of the flow of aqueous forward 
from the ciliary processes, any other ex- 
planation for the pigment in these locations 
would be difficult. However, gonioscopic 
examination revealed no consistent changes 
in the ciliary processes, although in occa- 
sional eyes they were thought to be more 
pale or waxy looking than normal, but this 
was extremely difficult to evaluate. 


Transillumination of the iris has been 
mentioned in the literature, but usually only 
in passing. This paper emphasizes the great 
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value of this test in detecting atrophy of 
the epithelial layers of the iris, because the 
diagnosis is readily overlooked by any other 
method of observation. The overlying 
stroma is normal in appearance, and even 
the speckling of pigment, when present, is 
easily overlooked. Krukenberg spindle usu- 
ally suggests the diagnosis but occasionally 
is absent. The secondary nature of the pig- 
ment depesition is indicated by the very 
consistent relationship between the severity 
of the iris atrophy and the amount of pig- 
mentary deposit on the cornea, angle, and 
lens. The type of transillumination seen in 
these eyes is not entirely specific, because 
one rarely sees an isolated area or two of 
peripheral transillumination in eyes other- 
wise entirely normal. We are uncertain 
whether this represents a very early stage 
of the disease, before sufficient pigment dis- 
persal has occurred to be noticeable, or 
whether it is a malformation of the iris. 
Transillumination of the iris can result from 
inflammation, trauma, and other causes, but 
the pattern is usually very different from the 
type of atrophy of the iris under discussion. 

Chronic simple (open-angle) glaucoma 
was detected in 42 eyes (43.5%) of 21 
patients, usually with heavily pigmented 
angles. This high incidence suggests that 
glaucoma might have resulted from the de- 
posit of the pigment in the trabecular area. 
It is difficult to explain, however, why glau- 
coma did not occur in other eyes with 
equally pigmented angles. If pigment is 
presumed to be the cause of glaucoma, the 
assumption must be made that pigment on 
and within the trabecula has a different 
effect in different persons. The fact that 
pigmentary glaucoma frequently occurs in 
young persons and in cases in which it runs 
a severe course is suggestive that the pig- 
ment is an important factor in development 
of the disease. In our opinion, every patient 
with a heavily pigmented trabecula should 
be followed carefully for the future devel- 
opment of glaucoma. 
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Summary 
Ninety-seven eyes showing dissemination 
and deposition of pigment throughout the 
anterior segment of the eye are described. 
The pigment probably arose from the 
epithelial layers of the iris and ciliary pro- 
cesses, from which it had been freed by an 
idiopathic type of atrophy. 
Atrophy of the iris was demonstrated in 
a high percentage of eyes by transillumina- 
tion, which showed a characteristic pattern 
of dehiscences in the epithelial layer, most 
marked at the periphery of the iris. 
Glaucoma occurred in 42 eyes, presumably 
on the basis of obstruction to outflow of 
aqueous by pigment deposited in the tra- 
becula or by some tissue response to this 
pigment. 


313 S. 17th St. (3). 
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Glioma of the Optic Nerve 


Incidence 


The fact that the case herein reported 
is the only one on record in the New Or- 
leans Eye, Ear, Nose and Throat Hospital 
speaks for its rarity. In Wills Eye Hospital 
1 case of glioma was found in 12 years out 
of 230,742 admissions. In the Massachusetts 
Eye and Ear Infirmary in 36 years there 
were 4 cases in 669,857 admissions. There 
are on record only 300 cases, and, according 
to Duke-Elder, only 8 are cases of glioma 
of the disc. 


Normal Anatomy of the Optic Nerve 


It will be recalled that the optic nerve is 
not comparable to other peripheral nerves, 
but resembles more the nerve pathways of 
the brain. It differs, however, from the 
latter by being divided into bundles by ex- 
tensions of the pial sheath. The fibers them- 
selves are separated by glial tissue which 
is similar in structure to the glia of the 
brain and contains glial cells. These will 
also be remembered as astrocytes, oligoden- 
drocytes, and microglia. 


Pathology 


Grossly, the tumor is a smooth or nodular 
mass enclosed within the dura. The vast 
majority of gliomata arise in the intraorbi- 
tal portion of the nerve. The commonest 
point of origin is in the region of the optic 
foramen, and growth occurs in both direc- 
tions. The extension, however, is usually 
toward the brain, and herein lies the serious 
danger of the disease. 

It may be seen on section that the mass 
represents a diffusely thickened optic nerve 
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Report of a Case Arising from the Optic Disc 


W. M. BOLES, M.D.; T. C. NAUGLE, M.D., and C. L. M. SAMSON, M.D., New Orleans 


or the nerve may be compressed to one side. 
There may be cysts filled with mucinous 
substance. The latter is thought to result 
from hyaline degeneration. It is not usually 
vascular, though the septa may show vas- 
cularization, hyalinization, and secondary 
hemorrhage. 

The existence of primary tumors of the 
optic nerve has long been known, but Wil- 
lemer, in 1879, first separated the extra- 
neural from the intraneural. Collins and 
Marshall, in 1900, gave the following ex- 
cellent microscopic description. 

Transverse section of the tumor shows it to be 
mapped out into areas by a thick network of 
bundles of connective tissue containing small blood 
vessels. This fibrous tissue framework resembles 
that of the normal nerve except that its component 
parts are much thicker and denser. In the inter- 
spaces of this network instead of bundles of nerve 
fibers supported by delicate connective tissue, the 
nerve fibers seem to have all disappeared, leaving 
empty spaces, whilst supporting connective tissue is 
everywhere increased, thickened, and more cellular 
than normal. 

Voerhoff in 1922 reported 11 cases of 
glioma and proposed three main histological 
types. The finely reticulated type is similar 
to but not identical with neuroglia of the 
normal nerve. There is a matrix of fine 
fibrils running in the interspaces of a deli- 
cate cell reticulum, imbedded in which are 
small round or oval nuclei. Nuclei may be 
scanty or abundant and may have scant or 
a considerable amount of cytoplasm. The 
second, or coarsely reticulated, type is an 
exaggeration of the first. The fibers are 
coarser and fewer in number, and there is a 
tendency to form cystic spaces. The third is 
the spindle-cell, or coarsely fibrillated, type. 
There are coarse neuroglia fibers, many in 
spiral form, between which lie neuroglia 
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cells. There is a resemblance to spindle-cell 
sarcoma. The fibers are arranged in definite 
bundles. Most authorities now agree that 
the majority of these tumors are oligoden- 
drocytomas. 

Davis describes five stages of development 
of gliomas. The first stage is a generalized 
hyperplasia of the glial tissue progressing 
to an extension through the pial sheath. The 
second is a proliferative process subsequent 
to the first stage. In the third stage an 
extension into the arachnoid occurs, with in- 
termingling of the tissue elements. This ap- 
pearance led earlier observers to believe that 
gliomas arose from arachnoid cells. Later, in 
the fourth stage, there is more intermingling 
of tumor cells and arachnoid structure so 
that it is a conglomerate mass. Still more 
progression obliterates normal structures ex- 
cept the dura, and the tumor takes on more 
signs of malignancy. 

In the matrix of the tumor there are often 
numerous “cytoid bodies,” cystic spaces 
filled with mucinous substance, and some- 
times calcium deposits. 


Clinical Features 


Seventy-five per cent of these cases occur 
in the first decade of life. Some have con- 
sidered glioma to be a congenital tumor. 


From the pathology we can easily explain 
the diagnostic signs. Involvement of vision 
is early because of the infiltrative charac- 
teristics. Unilateral nenpulsating axial ex- 
ophthalmos is the rule. Development is slow, 
but periods of rapid growth are noted. 
Also, late interference with extraocular 
movements can be easily explained. Enlarge- 
ment of the optic foramen is a diagnostic 
sign. All of the above signs serve to dif- 
ferentiate this tumor from extraneural and 
other orbital tumors. Sufficient proptosis to 
cause corneal erosion is a very late finding. 
Pain is not usually a feature of this tumor. 
Extension into the chiasm can cause a field 
defect in the other eye and may suggest 
pituitary tumor. Again, however, early in- 
volvement of central vision should help in 
the differentiation. In summary, unilateral 
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axial slowly progressive painless exophthal- 
mos in a child would strongly suggest 
glioma. 

In the case presented here we can detect 
no characteristic ophthalmoscopic appear- 
ance by which clinical diagnosis could be 
made. 


Treatment 


When it is evident that there is intra- 
cranial extension, operation through a trans- 
cranial approach is indicated. Voerhoff and 
others report apparent cure with partial re- 
moval through an orbital approach, but 
this procedure is not generally recommended. 
Walsh advises a course of x-ray treatments 
and iodides when it is not possible to make 
a definite diagnosis in a case of suspected 
intraorbital tumor and when there is no 
evidence of intracranial extension. If the 
exophthalmos progresses, and vision is af- 
fected, he recommends a Kr6nlein operation. 
If the tumor is only in the orbital portion 
of the nerve, it is removed. If, at the opera- 
tion, there is evidence of intracranial ex- 
tension, a biopsy is done and, later, operation 
is performed through a transcranial ap- 
proach. 

In our case enlargement of the tumor and 


decrease in vision was definite indication for 
enuc'eation. 


Fig. 1.—Fundus painting. 
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GLIOMA OF OPTIC NERVE 


Report of Case 


The patient, a 6-year-old white girl, was 
first seen in 1953. At this time, a smooth 
white elevated mass was seen above and 
partially covering the upper border of the 
left disc. Vision at the time was O. D, 20/25, 
O.S. 20/50. There was no proptosis or 
involvement of the extraocular muscles. The 
mass was about 43 disc diameters in size. 

The patient was kept under observation. 
By the middle of April, 1954, it was felt 
that there was a definite increase in size 
of the mass, and vision had decreased to 
20/80. On April 14, 1954, enucleation of 
the left eye was done with a 16 mm. gold 
ball implant. 

The following is the pathological report, 
by Dr. James H. Allen: 

Macroscopic—Globe 24X25X25 mm. 
Tumor mass encroaching on the optic nerve. 

Microscopic.—Optic nerve: A mushroom- 
shaped mass in the vitreous arising from the 
nerve head, It is well encapsulated. On one 
side it is mingled with the superficial areas 
of the retina, while on the other side it 
extended underneath the sensory areas of 
the retina and separated them from the pig- 
ment layer. The tumor appears vascular 
superficially, rich in collagen fibers and with 
many cystic spaces. Cells are mainly those 
with spindle-shaped nucleus. Some of the 
cells are arranged in whorls. Retina: De- 
tached posteriorly around the disc with 
serous substance in the subretinal space. 


Fig. 2——Section of globe, low power. 
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Fig. 3.—Section through area of tumor, high 
power. 


Sclera: Nothing remarkable. Lens: Capsule 
intact. 
Diagnosis.—Benign glioma of optic nerve. 
Course.—Since the enucleation the patient 
has done well. The socket looks clean and 
healthy. 
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Studies on Simulated Vitreous Hemorrhages 


I, Rate of Disappearance of Radio-Chromium-Tagged Red Cells 


H. K. BOYER, Ph.D.; ANITA A. SURAN, M.S.; M. J. HOGAN, M.D.; K. G. SCOTT, Ph.D., and 


W. K. McEWEN, Ph.D., San Francisco 


Simulated vitreous hemorrhages were pro- 
duced in rabbits by injection of homologous 
blood tagged with radioactive chromium. 
The course of the hemorrhage was followed 
by measuring the rate of change of radio- 
activity of the eye and by visual and 
histologic methods. 


Methods and Materials 


Rabbit blood was collected in oxalated 
tubes. The erythrocytes were separated by 
centrifugation and thoroughly washed with 
isotonic saline. Radioactive sodium chromate 
(NasCr®40,) was used to label the hemo- 
globin of the cells by the procedure of Gray 
and Sterling! as modified by Reilly et al.? 
The tagged erythrocytes were then either 
suspended in the original plasma to recon- 
stitute whole blood or were laked in a 
volume of distilled water equal to the initial 
plasma volume. 

Hemorrhage was simulated by injection, 
through a 30-gauge needle, of 0.10 ml. of 
this blood into the vitreous. Since y-rays 
and soft x-rays from the radioactive 
chromium in the one eye pass through the 
head and would interfere with the determina- 
tion of the radioactivity of the other eye, 
radioactive blood was injected into only one 
eye of each rabbit. 

The radioactivity of the eye in which the 
injection was made was measured by plac- 
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ing the rabbit’s cornea against the end of a 
scintillation counter. The results, expressed 
as counts per second, were corrected for 
background and for radioactive decay by 
comparison with a sealed sample of the 
radioactive blood. Reported values are the 
average of at least three measurements, with 
the eye repositioned at the counter for each 
determination. 


Results 


It was found that if the radioactivity of 
the eye, expressed in counts per second, is 
plotted on a logarithmic scale against time 
in days on a linear scale, a characteristic 
curve is obtained (Figure). There is a short 
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SIMULATED VITREOUS HEMORRHAGES 


period of equilibration, generally lasting un- 
til the third or fourth postinjection day, 
during which the curve has no definite form. 
There is an increase in radioactivity in most 
cases, which probably indicates an anterior 
diffusion of the tagged material. During this 
period the blood has formed a soft clot 
(within the first 16 hours), which com- 
mences to break down, resulting in a dis- 
aggregated clot by about the fifth day. 

A second period, lasting about a week, 
follows the equilibration period. The data 
fall on a straight line, and the slope of this 
curve, as measured by its biological half- 
time (the time in days for the radioactivity 
to decrease by one-half) is the same for all 
the rabbits within plus or minus one day. 
During this period the red cells are lysed 
and the hemoglobin is breaking down. There 
is phagocytosis, and the vitreous becomes 
partially liquefied. This phase ends with a 
sudden change in the slope of the curve. The 
data for the third period also fall on a 
straight line, the slope, or half-time, of 
which is rather long and varies from about 
20 days to more than 50 days. 

Reconstituted tagged whole blood was 
injected into the vitreous of eight rabbits. 
The Table shows the data obtained—the 
half-times of the second and third periods 
of the curves and the time of transition, the 
“break,” between them. In order to test the 
effect of lysing the red cells, tagged laked 
cells were also injected into four rabbits. 


Course of Radioactive Hemorrhage in Rabbit 
Vitreous 


Period 2, Transition, Period 3, 


Rabbit Injected Half-Time, or ““Break,"’ Half-Time, 
Material Days Day Days 
203 Whole blood 4 11 >50 
409 4 10 32 
501 3 ll 44 
505 2.5 10 3l 
512 3 ll 44 
601 3 14 25 
02 4.5 10 38 
604 3 11.5 19 
209 Laked cells 2.5 7 24 
210 2.5 9 21 
402 3 6 15 
405 3 10 24 
401 Radioactive 3 7 20 
sodium chromate 
404 3 8.5 19 
406 3 8 16 


Boyer et al. 


rates of disappearance of radioactivity be- 
tween the two types of hemorrhage. 

Ophthalmoscopic observations of the 
vitreous after the injection of these blood 
preparations revealed it to be hazy and to 
contain some strand-like or particulate opac- 
ities. Generally the red reflex was. still 
present. Gross pathologic examinations 
revealed partly liquefied vitreous and hemo- 
globin pigments staining the fibers. His- 
tologic examinations showed no significant 
damage to the tissues surrounding the 
vitreous. Some whole and disintegrating red 
cells were observed, and occasionally there 
was a mild chorioretinitis. 

Radioactive sodium chromate in saline was 
injected into the vitreous in order to ob- 
tain control data on the rate of disappear- 
ance of readily diffusible material. As seen 
in the Table, these results are similiar to 
those obtained with tagged red cells. 


Comment 

The time-radioactivity curves following in- 
jection into rabbit vitreous of whole blood, 
laked red cells, and tagged sodium chromate 
are substantially the same. This indicates 
that neither lysis of the cells nor particle 
size is the factor which determines the rate 
at which these substances are removed from 
the vitreous. The logarithm of the radio- 
activity is proportional to time, which is 
typical of a fairly simple mechanism. About 
nine-tenths of the radioactive material 
originally present is removed during Period 
2. In view of these considerations, it is 
probable that the predominant process op- 
erating during Period 2 is a form of dif- 
fusion. 

The rate of Period 3 is much slower than 
that of Period 2, as shown by the flatter 
slope of the curve. This indicates that the 
remaining tagged chromate must be fixed 
in a nondiffusible form in the vitreous. 
It is possible that during the breakdown 
of the tagged cells the chromate, which is 
originally bound to the globin of the hemo- 
globin, forms bonds with other proteins of 
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No marked difference was observed in the 


> 
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the vitreous. The rupturing of these bonds 
would then be the rate-determining step for 
diffusion of the remaining radioactivity out 
of the vitreous in Period 3. This interaction 
of tagged chromate with the fixed struc- 
tures of the eye would also occur during 
Period 2. However, since it is so much 


slower than the diffusion process, the rate of 
Period 2 is not affected appreciably by it. 


Summary and Conclusions 


A technique is described for producing 
and studying a radioactive simulated hem- 
orrhage in rabbit vitreous. Such a hemor- 
rhage causes no serious damage to ocular 
tissues surrounding the vitreous. 

A characteristic type of curve is obtained 
after injection of the radioactive materials 
when the radioactivity in the eye is plotted 
against time. This curve has three distinct 
phases: a short period of equilibration, a 
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period of rapid decrease in radioactivity, 
and a long period of slow decrease in radio- 
activity. 

The data obtained from injections of 
tagged whole blood, laked red blood cells, 
and radioactive sodium chromate are similar, 
leading to the conclusion that a diffusion 
process from the vitreous into the surround- 
ing tissues and blood vessels determines the 
rate at which these materials are removed 
from the vitreous. 


University of California Medical Center (22) 
(Dr. McEwen). 
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Unilateral Conjunctivitis and Canaliculitis Due to 


Fusospirochetal Infection 


ROBERT P. BURNS, M.D.; JOHN P. MACNIE, M.D.; RAYMOND L, PFEIFFER, M.D., and 
DEBORAH LOCATCHER-KHORAZO, M.D., New York 


The purpose of this report is to describe genesis and therapy are discussed, as well as 
three cases of unilateral conjunctivitis with methods for isolation and cultivation of the 
canalicular involvement of long duration. fusospirochetal agents. 

One was associated with infection with both , . 

Review of the Literature 
spirochetes and fusiform bacilli; the other 
two, with only fusiform bacilli. The patho- _ Fusospirochetal (genus Fusobacterium *) 
sethithhennitliane ocular infections may be commoner than is 

Received for publication May 9, 1957. revealed by the finding of only 19 cases in 

From the Departments of Ophthalmology and 

“ba ? : the literature, since 4 cases have been recog- 
Microbiology, Institute of Ophthalmology, Pres- 
byterian Hospital and Columbia University College nized at this institution in approximately 
of Physicians and Surgeons. two decades. As may be seen by reference 


TaBL_e 1.—Pathogenesis of Previously Reported Cases of Fusobacterial Infection 


Cases, Ocular Pathologic Associated Other 
Pathogenesis Author No. Process Disease Bacteria Treatment Result 
Septicemia Bertozzi 1 Metastatic Measles None Evisceration Healed 3 wk. 
panophthalmitis 
Titche 1 Orbital abscess Bronchiectasis Gram-positive Penicillin Healed 1 wk. 
chains irrigation 
Kompanietz 3 Orbital fistula Typhus Staphylococci, Surgery Healed 6 wk. 
invasion extending from streptococci (2 cases) (2 cases) 
ethmoid sinuses (one case none) 
Seecof 1 Orbital cellulitis Dacryocystitis Streptococci, Incision & Died 
extending from E. coli drainage 
frontal, maxillary, 


and sphenoid 
sinuses, meningitis 


Orbital abscess, Rheumatoid Diphtheroids, 
panophthalmitis, arthritis streptococci 
dental-antral- 

orbital fistula 


Neoarsphenamine, Died 
sodium perborate 


Mutermilch Invasive carcinoma 
& Seguin of cheek 


Noma Vibrio, cocci 


Neoarsphenamine Died 


Oculomuco- Bowman 1 Unilateral 


Stomatitis, None Boric acid Recovered oh 
cutaneous conjunctivitis balanitis, (no culture) 1 mo. ; 
syndrome pleuritis > 

Carnot & 1 Conjunctivitis Stomatitis, Cocci Zine sulfate, Improved 3 wk. 
Blamoutier rhinitis 
nzine 


Scholtz Gangrene of Retained for- Staphylococci, Surgery Healed oa 
conjunctiva eign body 


Dacryocystitis Wakisaka 1 Daeryocystitis 


H. influenzae Dacryocystectomy 


Lohlein 1 Daecryocystitis Injury 10 yr. Staphylococci 
previously 


Dacryocystectomy Cured 


Gange 


Dacryocystitis of 
newborn 


Staphylococci 


Serotherapy Died 


Unknown Gifford 1 Ulcer near Canalicular Gram-positive Zine collyrium Healed 6 wk. 
canaliculus concretion bacilli 


Goudie & Bilateral Exposure to Irrigation Blind 
Sutherland conjunctivitis sore throat, cocci; Gram- 


Vincent's positive bacilli 


2 
Ric. 
aby 
Secondary to 
injury 
: 
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» 2—Previously Reported Cases of Unilateral Conjunctivitis 


Ss, 
Author le Pathologic Process Duration Other Bacteria Treatment Results 


Herrenschwand Unilateral conjunctivitis 


Dejean & Temple 
conjunctivitis 


Dunnington & Unilateral follicular 
Khorazo conjunctivitis 


to Table 1, these infections may develop by 
various pathways. The first reported case 
was that of Bertozzi,? in which, during the 
course of an attack of measles, an intense 
conjunctival reaction and ensuing endoph- 
thalmitis developed in the right eye of a 
boy. A similar mechanism accounted for 
the recent case of Titche,* in which a meta- 
static orbital abscess developed in a patient 
with bronchiectasis and other subcutaneous 
fusospirochetal abscesses. 

The commonest cause of ocular infection 
has been direct orbital extension from a 
neighboring disease process, as in the three 
cases of Kompanietz* and the case of 
Seecof,® in which the infection spread from 
the paranasal sinuses. In Walker’s® case 
there was a dental-antral-orbital fistula, and 
in the case of Mutermilch and Seguin? the 
origin was in an ulcerating carcinoma of 
the cheek. 

The organisms were found in dacryo- 
cystitis by Wakisaka,*  Lohlein,® and 
Cange.’” The source of the infecting agents 
for the cases of Bowman ™ and Carnot and 
Blamoutier '* presumably was stomatitis. In 


Fig. 1 (Case 1).—Everted upper lid, showing 
follicles. 


Unilateral mucopurulent 6 mo. 


Micrococcus Strong silver protein, Cured, 1 wk. 
catarrhalis Pregl’s solution 
Staphylococci 
Staphylococci 5 mo. strong silver protein Cured, in 6 mo. 
irrigation with mercuric 
cyanide; 1 mo. 1.5% ZnSO, 
after cocaine anesthesia 


Staphylococci, 1% Na perborate Improved in 
corynebacteria 3 wk. 


the case of Scholtz '* there was gangrene of 
the conjunctiva, secondary to a retained for- 
eign body. The pathogenesis of the cases 
reported by Goudie and Sutherland and 
Gifford '* is not clear. 

Unilateral conjunctivitis associated with 
fusobacterial infection has previously been 
reported by Dunnington and Khorazo.'® 
Similar cases were described by Dejean and 
Temple * and by von Herrenschwand "8 in a 
physician infected by saliva from a patient 
with a dental fistula. This condition has 
been termed “lacrimal conjunctivitis” by 
Duke-Elder (Table 2). 


Report of Cases 
CasE 1.—A 44-year-old man was first 
seen in March, 1938, with chronic right 


Fig. 2 (Case 1).—Direct smear from conjunc- 
tiva, showing fusiform bacilli and spirochetes. 
Methylrosaniline chloride stain. 


Vol. 59, Feb., 1958 


| 

1 

\ 

| 

# * ~ 

= 

‘ 

a 

{ 


UNILATERAL CONJUNCTIVITIS AND CANALICULITIS 


Fig. 3 (Case 1)—Dark-field examination of 
conjunctival secretion, showing spirochetes. 


follicular conjunctivitis (Fig. 1) which had 
resisted treatment for six years. The globe 
was normal, and vision was 20/15. There 
was stasis of the lacrimal canaliculi. Phys- 
ical examination normal except for 
chronic nonpurulent sinusitis, with thicken- 
ing of the antral mucosa demonstrable on 
x-ray. Prolonged oral sulfanilamide treat- 
ment resulted in no improvement. In March, 
1939, fusiform bacilli were demonstrated 
by methylrosaniline chloride (gentian violet) 
stain (Fig. 2) and spirochetes were found 
on dark-field examination of scrapings and 
secretions (Fig. 3). Cultural identification 
of both of these organisms was performed. 
Micrococcus pyogenes var. aureus and Cory- 
nebacterium xerose were found on 
smear and culture from the diseased right eye 
and normal left eye. A dental consultant 
found no gingivitis, but, by x-ray, marginal 
resorption, scale deposits, and cavities were 
demonstrated in several teeth. Fusiform 
bacilli were cultured from the right tonsil. 
Therapy consisted of sodium perborate, 1% 
solution; arsphenamine (Salvarsan), 2%, 
and 1:5000 mercury bichloride ophthalmic 
ointment to the right eye, with expression 
and irrigation of the lacrimal canaliculi. 
Follow-up smears and dark-field examina- 
tions revealed fusobacteria persisting after 


was 


also 


Burns et al. 


Fig. 4 (Case 1).—Methylrosaniline chloride 
stain of conjunctival secretion following treatment. 
Only fusiform bacilli are present. 


spirochetes disappeared (Fig. 4); then all 
organisms disappeared. The patient im- 
proved rapidly and was discharged in April, 
1940. 

Case 2.—A 51-year-old white woman was 
first seen on Nov. 13, 1944, with a history 
of tearing, redness, and stickiness of the 
left eye for one year, which had been unre- 
sponsive to previous treatments. She had 
been advised to have a dacryocystectomy. 

Examination showed the right eye to be 
normal on physical and microbiologic exam- 
ination. The left eye had severe papillary 
purulent conjunctivitis. No material was 
expressed from the tear sac. Corrected 
yisual acuity of the left eye was 20/30. No 
cbrneal or intraocular involvement was 
found. General physical examination was 
normal. Treatment consisted of probing the 
tear ducts, with silver nitrate, copper and 
zine sulfate, sulfathiazole, and sulfadiazine 
applied locally. There was no response to 
the regimen. 


On Jan. 11, 1945, a conjunctival smear 
showed a moderate number of polymorpho- 
nuclear cells, mucus threads, and Gram- 
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Fig. 5 (Case 2).—Direct smear from conjunc- 
tiva, showing fusiform bacilli with a few diplo- 
cocci. Methylrosaniline stain. 


positive cocci and bacilli, as well as fusiform 
bacilli, best seen with dilute methylrosani- 
line chloride stains (Fig. 5). Presence of 
fusiform bacilli was confirmed by culture. 
No spirochetes were noted on direct-stained 
preparations or in dark-field examinations. 
An attempt was made to cultivate them with- 
out success. There were a few follicles on 
the lower palpebral conjunctiva (Fig. 6). 
Treatment was then changed to penicillin 
ointment every three hours. The canaliculi 
were dilated, curetted, and irrigated. Im- 
provement was rapid; smears and cultures 
became negative, and final corrected vision 
in the left eye was 20/15. 

Case 3.—A 28-year-old white woman was 
first seen on Jan. 17, 1956, complaining of 
redness, tearing, and discharge from the 
right eye of 16 months’ duration, which 
had begun simultaneously with a severe sore 
throat, following a dental extraction. In 
December, 1954 (personal communication 


Fig. 7 (Case 3).—Exudate on lashes and in 
lower fornix. 
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Fig. 6 (Case 2)—Lower lid, showing a few 
follicles. 


from Dr. J. |. Moreland), she had been 
found to have a marked right follicular 
palpebral conjunctivitis. At that time no 
material was expressible from the tear sac 
and irrigation through the lower canaliculus 
was free. Local application of sulfacetamide 
sodium and chlortetracycline ointment and 
penicillin, 300,000 units intramuscularly 
every 48 hours for five doses, had not 
cleared the condition. A conjunctival smear 
showed eosinophils, and so cortisone and 
neomycin were given locally, with only tem- 
porary improvement. In February, 1955, 
aerobic and anaerobic eye cultures were 
said to reveal only diphtheroids. Courses of 
tetracycline by mouth, 250 mg. daily, with 
100 mg. of cortisone and erythromycin by 
mouth, 200 mg. four times daily, were 
without benefit. Subsequently the patient 
had been treated with local oxytetracycline 


(Terramycin), sulfisoxazole (Gantrisin), 
and cortisone. 


Fig. 8&8 (Case 3).—Material expressed from 
canaliculus. Numerous fusiform bacilli and cocci. 
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In January, 1956, physical examination 
showed right palpebral follicular conjunc- 
tivitis without corneal or intraocular disease 
(Fig. 7). The lashes were matted with 
purulent discharge, and the lids were red 
and edematous. Corrected vision O. D. was 
20/30. No material was expressed from the 
lacrimal sac, but white pasty casts were ex- 
pressed from the upper and lower canaliculi. 
There was no preauricular adenopathy. 

Microscopic examination of conjunctival 
scrapings and lacrimal tract expressions 
revealed numerous polymorphonuclear leu- 
kocytes, Gram-positive cocci, and Gram- 
negative bacilli (Fig. 8). Cultures revealed 
M. pyogenes var. aureus, pneumococci, and 
diphtheroids as well as fusiform bacilli. No 
spirochetes were seen on repeated stained 
preparations and on dark-field examination, 
and no attempt was made to culture them. 
Microbiologic examination of the left eye 
for the presence of fusiform bacilli was 
negative. Gram-stained preparation of 
scrapings from the teeth revealed Gram- 
positive cocci and fusiform bacilli but no 
spirochetes. There was no clinical dental 
infection, 


Therapy was begun Feb. 7, 1956, and 
consisted of erythromycin ophthalmic oint- 
ment applied in the right eye to decrease 
secondary invaders and sodium perborate 
mouthwash. This had little effect, and so on 
Feb. 11 local application of chlortetracycline 
and canalicular expression was substituted. 
This produced marked improvement, but 
fusiform bacilli persisted in smears and 
cultures until one procaine penicillin irriga- 
tion of the lower canaliculus was done, on 
Feb. 28. 

On March 29, 1956, the right follicular 
conjunctivitis recurred. There were mucus 
and polymorphonuclear leukocytes in the 
conjunctival smears, as well as fusiform 
bacilli and cocci. Attention was drawn to 
the upper canaliculus by pain and resistance 
to irrigation with procaine penicillin solu- 
tion. A dacryocystogram (Fig. 9) showed 
a dilated sacculated upper canaliculus, with 
the rest of the lacrimal tract normal. 


Burns et al. 
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Fig. 9 (Case 3).—Dacryocystogram. Note sac- 
cular dilated upper canaliculus, interpalpebral line 
of contrast medium, and normal lower canaliculus, 
sac, and nasolacrimal duct. 


Following the demonstration of lacrimal 
involvement, biweekly procaine penicillin ir- 
rigation of upper and lower canaliculi was 
given for three weeks. The patient’s eye re- 
turned rapidly to normal physical appear- 
ance; corrected visual acuity improved to 
20/20, and conjunctival smears were free 
of polymorphonuclear leukocytes and bac- 
teria over an 18-month observation period. 
No fusiform bacilli were found on cultures, 
and on June 29, 1956, a dacryocystogram 
showed a barely visible upper canaliculus of 
normal contour. 


Bacteriologic Data 


In these cases a mixed flora with Gram- 
positive cocci and Gram-negative bacilli, 
mucus, and polymorphonuclear leukocytes 
usually is seen. The fusiform bacilli are 
recognizable as Gram-negative bacilli, and 
their morphology is best seen in a prepara- 
tion stained with dilute methylrosaniline 
chloride. They are rods, 0.54 to lu in width 
and 8 to 10u long. Some of the bacilli are 
slender and paired; some are cigar-shaped, 
and some have pointed ends. Distinct gran- 
ules are seen in all the fusiform bacilli (Fig. 
10). The bacilli were nonmotile and non- 
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spore-bearing in all cases. Spirochetal forms 
were seen on dark-field examination only in 
Case 1. Ziehl-Neelsen stains were negative 
for acid-fast bacilli in all these cases. 


Confirmation of the microscopic observa- 
tions was obtained by cultural isolation, 
utilizing the facts that fusiform bacilli are 
strict anaerobes and are resistant to methyl- 
rosaniline chloride. The fusiform bacilli 
were grown on Bacto-Proteose agar No. 3 
(Difco) medium, to which 5% of rabbit or 
sheep blood with 1:40,000 methylrosaniline 
chloride was added. Inoculation of the 
medium was made directly from the con- 
junctiva. A second medium used consisted of 
0.2% dextrose chopped meat broth con- 
taining 20% ascitic fluid. The cultures 
should be taken from the lesion with sterile 
cotton swabs, moistened in 1% dextrose in- 
fusion broth, and then inoculated directly 
into the designated medium. The colonies of 
fusiform bacilli grown on the agar were 1 
mm. in size, deep violet, slightly raised, 
glistening, and striated (Fig. 11). The 
growth in the chopped meat broth had the 
characteristic putrid odor. The organisms 
grew on subculture. 

Injection of 1 ml. of a thioglycolate broth 
or 1.5 ml. of the supernate of a chopped 
meat broth fresh subculture of fusiform 
bacilli into the groin of a guinea pig pro- 
duced no infection. A repetition with pre- 
240 
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Fig. 10 (Case 3).— 
High magnification, 
showing granules in rods. 
Direct smear from con- 
junctiva. 


treatment of the guinea pig with a local 
injection of 25 mg. of prednisolone into 
the groin did not result in enhancement 
of the pathogenic effect of the fusiform 
bacilli. 

The spirochetes were grown in tall test 
tubes containing rabbit kidney in 2% clear 
meat infusion agar with 50% ascitic fluid 
added or in veal heart agar base with un- 
diluted serum ultrafiltrate and sterile guinea- 
pig kidney added. After stab inoculation 
with the conjunctival secretions into the 
center of the tubes, the tubes were overlaid 
with paraffin oil and incubated at 37 C. 
After 5 to 12 days a hazy growth appeared 
in the test tubes, from which subcultures 
could be obtained. Organisms which have 
been described as Treponema microdentium 


Fig. 11.—Typical colonies of fusiform bacilli on 
methylrosaniline chloride agar. 
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and Treponema macrodentium were identi- 
fied by dark-field examination.* 


Therapy 


The foundation of therapy in these cases 
is adequate bacteriologic diagnosis. With 
recognition of a fusobacterial infection, the 
problems presented are twofold: the sur- 
gical eradication of an anaerobic locus of 
disease and the therapy of a mixed bacterial 
infection. 

Removal of infection in a canaliculus can 
be accomplished by expression, irrigation, 
dilation and curettage, or, finally, surgical 
exteriorization or excision. In Cases 1 and 
3 surgical therapy consisted of expression 
and irrigation, combined with chemotherapy, 
sodium perborate, arsphenamine, and mer- 
cury bichloride in Case 1, procaine peni- 
cillin in Case 3. In Case 2 dilation and 
curettage of the canaliculi served, with peni- 
cillin ophthalmic ointment applied to the 
conjunctiva, to eradicate the infection. Anti- 
biotics alone were not sufficient in Case 3, 
where penicillin parenterally and tetracycline 
(Achromycin) and erythromycin orally did 
not terminate the disease. 

The experience from the reported cases 
does not permit a comparison of the effec- 
tiveness of antibiotic and surgical therapy, 
but it is felt that the least-traumatizing sur- 
gery possible combined with chemotherapy 
should be employed. Irrigations of procaine 
penicillin meet these criteria most closely at 
present. 


Comment 


The significance of the mixed bacterial in- 
fection, which was present in all our cases 
and in all the reviewed cases except those 
of Bertozzi? and one case of Kompanietz,* 
is difficult to assess. The common denomina- 
tors in all our cases were similar clinical 
courses and the presence of the genus Fuso- 
bacterium, It is very possible that the other 
bacteria may be adventitious, especially since 

* T. Rosebury, of the College of Physicians and 


Surgeons, Department of Bacteriology, aided in 
the cultivation and identification of the spirochetes. 
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Boe ®° has shown, by injecting himself with 
a pure culture of fusobacteria, that an ab- 
scess associated with a rise of antibody 
titer can be produced. However, Boe has 
also demonstrated a synergistic enhance- 
ment of disease production in experimen- 
tal animals when other organisms were 
injected with Fusobacterium. More recently, 
McDonald et al.?"*? have shown the im- 
portance of combined infection in the pro- 
duction of experimental guinea-pig lesions. 

The pathogenicity of the fusiform bacilli 
has long been in doubt. The wide, if not 
universal, occurrence of this organism in 
mouths, its failure of communication to 
man by direct dental inoculation, and failure 
of rabbits to develop disease from direct 
inoculation on the conjunctiva point to its 
lack of virulence.**:** In the present group 
of cases canalicular involvement may have 
created an anaerobic focus responsible for 
the protracted course. Other reported 
cases *:8-19.15-18 may have developed in this 
fashion. Thygeson emphasized lacrimal 
involvement in fusobacterial infection. It 
seems striking that the infection remains 
localized in one area of the ocular lesion, 
where the strict anaerobe is present, until 
removal. 

Fusiform bacilli and spirochetes usually 
occur in combination, rarely alone. Of our 
three cases, the spirochetes were not found 
in two in spite of the extensive studies of 
microscopic preparations and even subse- 
quent attempt to culture them in the second 
case. Kompanietz* reported one case in 
which only fusiform bacilli were found, and 
in Bertozzi’s* case only fusiform bacilli 
were described. It should be noted that in 
the first case spirochetes along with fusiform 
bacilli were found on smear and cultures 
but, following a series of treatments, the 
subsequent conjunctival scraping revealed 
only fusiform bacilli (Fig. 4). Therefore, 
it is likely that there were some spirochetes 
present in the last two cases in such a small 
number that either they were not traced on 
examination or, following treatment, they 
were continuously absent. 
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Summary 


Three cases of unilateral follicular palpe- 
bral conjunctivitis with canalicular involve- 
ment associated with infection due to 
fusiform bacilli and spirochetes together or 
fusiform bacilli alone are detailed. Therapy 
is described, and the possible pathogenesis 
is discussed. 


The importance of proper bacteriologic 
diagnosis is emphasized. Methods for the 
cultivation of fusospirochetal group under 
anaerobic conditions are described. 

Dr. S. Ellison, Department of Microbiology, 
College of Physicians and Surgeons, performed 
the dark-field examinations, and Dr. Beatrice C. 
Seegal, Department of Microbiology, College of 
Physicians and Surgeons, gave advice and criti- 
cism, 

622 W. 168th St. (32). 
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Treatment of First-Division Tic Douloureux by 


Peripheral Neurectomy 


WILLIAM RUBIN, M.D., New Brunswick, N. J. 


The frequency of typical and atypical 
neuralgias of the fifth nerve has produced 
a wealth of material dealing with the control 
of this type of pain. Neurosurgeons have 
enjoyed a moderate degree of success with 
alcohol injections or neurectomies of the 
several peripheral branches of the ophthal- 
mic nerve. Posterior rhizotomy and more 
recently tractotomy have been popular neu- 
rosurgical procedures. 

Rather than attempt to explain the origin 
of typical or atypical tic douloureux, prop- 
erly in the field of neurological or neuro- 
surgical investigation, | shall simply describe 
the characteristic torments of two patients 
and what was done about it. In each case 
the pain was confined to the areas of dis- 
tribution of the ophthalmic nerve. 

In April, 1955, a 65-year-old man devel- 
oped a trigger zone at the inner angle of 
the right eye and at the nares on the right 
side of the nose. These areas were so 
exquisitely sensitive that not only shaving 
and washing but also the slightest touch of 
the finger would set off a paroxysm of 
intense dart-like pain. Radiating from the 
first point of contact, the pain was con- 
stantly found to shoot upward over the 
brow and forehead to the right frontal area 
of the scalp. There never appeared to be 
any pain below the level of the nasal tip. 

Less than two months after the onset of 
the first symptoms, the condition became 
truly disabling. A vigorous, active, and alert 
man now suddenly found himself unable to 
eat or drink without the threat of immediate 
lightning-like pain thrusting up from the 
mouth and oropharynx in the direction of 
the right eye. This excruciating pain was 
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triggered not only by skin contact at the 
inner angle and over the alar region but 
also by chewing and, at times, merely by 
swallowing. The exact course of these pain 
impulses could not be identified, and, there- 
fore, how much of the remaining trigeminal 
nerve was actually involved in addition to 
the ophthalmic division could not be posi- 
tively determined. It need only be stated 
here that the treatment and future course 
of this patient’s terrifying condition suggests 
that no more than minimal involvement of 
the second and third divisions had occurred. 
Various sedatives combined with huge doses 
of chlorpromazine were unable to afford 
this patient even nighttime relief. A num- 
ber of procaine (Novocain) and alcohol 
injections of the supraorbital nerve were 
tried, but these gave only incomplete control 
of pain and often were later followed by 
an aggravation of symptoms. It seemed so 
discouraging that a root section was planned. 
At the last moment, impressed by the defi- 
nite sparing of the second and third divi- 
sions of the fifth nerve, I reasoned that if 
pain impulses from the right side of the 
nose and inner angle of the right eye were 
interrupted, and effective relief were ob- 
tained, further radical surgery might be 
obviated. Since the area of distribution 
of the lacrimal nerve seemed to be unin- 
volved, attention was directed to the remain- 
ing four main branches of the first division 
(Fig. 1). 

Operative technique. On Aug. 4, 1955, 
with use of 2% procaine block anesthesia, 
after the skin was pulled tautly upward, a 
2 in. curved incision was made just below 
the right brow through skin, fascia, muscle, 
and periosteum down to the superior orbital 
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Fig. 1—(1) Supraorbital nerve; (2) supra- 
trochlear nerve; (3) infratrochlear nerve; (4) 
anterior ethmoidal nerve; (5) external nasal 
nerve. 


margin. The incision was extended to the 
nasal attachment of the medial palpebral 
ligament. The upper flap was dissected 
superiorly, the lower flap, inferiorly, to ex- 
pose the nerves in this region. The supra- 
orbital nerve was easily identified and 
divided just above the supraorbital notch. 
The proximal end of the nerve was drawn 
through the notch, and about 15 mm. of its 
length was wound around a clamp before 
it was excised. With careful extension of 
the dissection toward the trochlea, the supra- 
trochlear and infratrochlear nerves were 
easily identified under magnification (X 2), 
and exeresis was performed. Since several 
additional branches were discovered in this 
area, in order to avoid the possibility of 
missing the true culprit, these branches were 
also divided. The fourth important branch 
of the ophthalmic division of the fifth nerve, 
the anterior ethmoidal, or nasal, branch of 
the nasociliary nerve was found by reflect- 
ing the skin and subcutaneous tissues with 
periosteum from the medial wall of the 
orbit, temporally, until the anterior eth- 
moidal foramen was exposed. The anterior 
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2.—Two-inch curved incision below brow 
ig to lower border of medial ligament. 


Fig. 3.—Avulsion of supraorbital nerve. Supra- 
trochlear and intratrochlear nerves are similarly 


excised. 
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ethmoidal nerve in company with the an- 
terior ethmoidal artery and vein leaves the 
orbit through the anterior ethmoidal fora- 
men, courses along the cribriform plate of 
the anterior cranial fossa, and passes 
through the ethmoidal slit to enter the nose. 
Here the nerve divides into internal and 
external branches, which supply part of the 
septum, lateral wall, and skin of the dorsum 
as well as tip of the nose. By retracting 
the temporal flap and orbital contents, cau- 
tiously, enough space is provided to insert 
a suture carrier and isolate and divide the 
nerve just before it enters its foramen. 
Ligation of the artery and vein is also 
readily accomplished by the use of fine 
silver clips. Thus, all nerves to the medial 
angle of the right orbit and the adjacent 
skin of the nose and forehead were divided. 
Plain 000 absorbable surgical (gut) sutures 


Fig. 4—Anterior ethmoidal branch of nasociliary 
nerve delivered by suture carrier. 


/ 


TIC DOULOUREUX—PERIPHERAL NEURECTOMY 


were used for the deeper layers of the 
wound and 0000 nonabsorbable surgical 
(silk) sutures were used for approximating 
the skin edges. 

Wound healing occurred without any 
noticeable scar, and until this day, two years 
later, there has been no recurrence of the 
anguish of tic douloureux. A small area 
of anesthesia remains just nasal to the inner 
canthus and over the right brow. This is 
entirely acceptable and of no consequence 
when compared with the exquisite pain of 
the preoperative period. 

A second patient was similarly a victim 
of the agonizing symptoms of trigeminal 
neuralgia involving the ophthalmic division. 
This man, 73 years of age, claimed that 
dart-like or lancinating pains had plagued 
him more than three years before he came 
to the clinic at St. Peters General Hospital. 
In this case the pain was more confined to 
the inner third of the right brow and right 
side of the nose. The zone which was most 
sensitive and apt to set off the painful 
sequence was at the medial end of the right 
eyebrow. An identical surgical procedure, 
exeresis of the supraorbital, supratrochlear, 
and infratrochlear nerves along with divi- 
sion of the anterior ethmoidal branch of the 
nasociliary nerve, was performed on May 
24, 1956. This patient stated, “There has 
not been a pain thar since.” 

A one-year period free of pain is not 
long. However, that procedure which is 
able to afford so complete a relief with so 
little morbidity, such great safety, and 
practically no associated defection must be 
welcomed as a method of pain control pref- 
erable to the customary attack on the 
Gasserian ganglion, its sensory root, or the 
spinal tract of the fifth nerve in the medulla. 

Where the distribution of pain is truly 
confined to an area supplied by the supra- 
orbital, supra- and infratrochlear, and an- 
terior ethmoidal nerves, it would seem 
worth while to perform an exeresis of these 
nerves first, before considering intracranial 
surgery upon the fifth nerve root, ganglion, 
or spinal tract. The one obvious advantage 
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in avoiding interruption of the intrinsic 
nerve supply to the eyeball by intracranial 
surgery, with the ever-present possibility of 
neurokeratitis paralytica, alone, makes mul- 
tiple peripheral neurectomy an unquestioned 
procedure of choice. Aside from a mortality 
rate of 0.5% to 2.0%, other complications 
of such surgery which may also prove dis- 
turbing are facial nerve paralysis, trochlear 
nerve paralysis, paralyses of the muscles 
of mastication from motor root trauma, 
cavernous sinus injury, and, finally, the 
numerous defections likely to be associated 
with extensive tractotomies. 

It must be mentioned that sphenopalatine 
neuralgia, Horton’s histaminic cephalgia, 
and strictly rhinologic sources of pain, such 
as Charlin’s syndrome, should be ruled out. 
In each of the two cases described the 
paroxysmal nature and intensity of pain 
as well as the presence of trigger-zones 
helped to identify them as examples of true 
tic douloureux. 

Neurectomy for the relief of tic-like 
pain over the eyebrow and at the medial 
angle of the orbit is well recorded. Supra- 
orbital nerve avulsion is well known. Supra- 
trochlear and infratrochlear nerve section 
have far less often been tried, whereas 
division of the anterior ethmoidal nerve in 
the orbit by electrocoagulation has been 
mentioned by Littell as a single procedure 
for the permanent relief of symptoms in 
the “olfactory syndrome” of Charlin. 


Summary 


Two patients are described having the 
intense tormenting pain of tic douloureux. 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


Since only the ophthalmic division seemed 
to be involved, peripheral neurectomy was 
performed upon the supraorbital, supra- 
trochlear, infratrochlear, and anterior eth- 
moidal nerves, with complete cure. The first 
patient has been without pain for two years; 
the second, for one year. The area supplied 
by the lacrimal nerve, not having been 
involved in either case, was untouched. 

It is suggested that peripheral neurectomy 
of these four nerves be considered before 
intracranial surgery is attempted for tri- 
geminal neuralgia involving the ophthalmic 
division. 

184 Livingston Ave. 
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MARTIN J. URIST, M.D., South Haven, Mich. 


Although the modern trend is for sym- 
metrical surgery on the horizontal extra- 
ocular muscles, there are situations where 
asymmetrical surgery is indicated, e. g. (1) 
monocular squint with amblyopia or (2) a 
small deviation. The effect of asymmetrical 
vertical muscle surgery on the prism cover 
measurements in the cardinal positions of 
gaze is well known, owing to the funda- 
mental contributions of the Duane-White 
school. However, there seems to be little 
specific information concerning the effect of 
operations on one or both horizontal recti 
of one eye on the prism cover measure- 
ments in all positions of gaze. It is the 
purpose of this paper to report 161 cases 
of this latter type, with a view to making 
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From the Motility Clinic, Illinois Eye and Ear 
Infirmary, University of Illinois College of Medi- 
cine, Chicago. 


The Effect of Asymmetrical Horizontal Muscle Surgery 


better selections of the proper muscle for 
horizontal muscle surgery on one eye. 


In a series of squint cases I have been 
following at the Illinois Eye and Ear In- 
firmary there were 161 cases that could be 
used for a study of this sort. These cases 
all had asymmetrical horizontal muscle sur- 
gery and cover measurements in the cardinal 
positions of gaze both before and after sur- 
gery. The type of surgery that was done 
and the distribution of the cases was as 
follows : 


Unilateral recession of a medial rectus 
and resection of a lateral rectus muscle— 
105 cases. 


Unilateral resection of a medial rectus 
and recession of a lateral rectus muscle— 
10 cases. 


Unilateral recession of a lateral rectus 
muscle—20 cases. 


Fig. 1—Before operation: (a) eyes 
straight with glasses; (b) 10 to 15 degrees 
of left esotropia without glasses; (c) and 
(d) no limitation in abduction or adduction. 
Four months after a 4 mm. recession of the 
left medial rectus: (e¢) eyes straight with- 
out glasses; (f) slight limitation of the 
left eye in adduction, in comparison with 
9; (g) no limitation of the right eye in 
adduction. 
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Unilateral recession of a medial rectus 
muscle—15 cases. 

Unilateral resection 
muscle—6 cases. 

Unilateral resection of a medial rectus 
muscle—6 cases. 

As a result of the study of these cases | 
found that the type of surgery that was done 
had a characteristic asymmetrical effect on 
the cover measurements in the cardinal posi- 
tions of gaze. These findings will be dem- 
onstrated with representative case reports 
and a tabulation of the results. 


of a lateral rectus 


Unilateral Recess‘on of a 
Medial Rectus Muscle 

Case 1, a 5-year-old girl, was seen at the 
infirmary on Jan. 21, 1948, with the history 
of the right eye having turned in since the 
age of 3 years. Refraction with atropine 
cycloplegia was as follows: O. D. +2.25 sph 
= +0.50 cyl, ax 105=20/20; O. S. +1.75 
sph= + 0.50 eyl, ax 95=20/20. 

The eyes were straight at times with 
glasses, while there was 10 to 15 degrees 
of esotropia without glasses (Fig. 1 a,b,c,d). 
The prism cover measurements were as 
follows: c/e ET 104A, ET’ 20A, RH 1A; 
s/c ET 22A, ET’ 30A. 


ET 22 | ET 20,RH1 | ET 20, RH 1 


Right ET 30 ET’ 30 ET 28 Left 
ET 33 ET 20 ET 32 


Third grade fusion was present at 18A 
base out on the Troposcope. 

At surgery, on April 20, 1956, a 4 mm. 
recession of the left medial rectus muscle 
was done. Postoperative examination (Fig. 


Results of Asymmetrical Surgery on the Cover Measurements in 161 Cases 
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1 ef,g) on Aug. 15, 1956, four months 
after surgery, showed that the eyes could be 
straight without glasses. Some limitation 
of the left eye was present in adduction. 
Cover measurements were as follows: c/c 
E tA; 5A; sfe ET 7A, EY WA. 


ET 6 ETS8 ET 10 
Right ET 10 ET 12 ET 10 Left 
ET 10 ET 10 ET 22 


As a result of the unilateral recession of 
the left medial rectus muscle, the cover 
measurements improved in all positions of 
gaze. The result, however, has been an 
asymmetrical one in that the greatest effect 
on the cover measurements was to the right 
and down. Here the cover measurements 
changed from ET 334 to ET 10A, an 
improvement of 23A. This effect on the 
cover measurements has been a consistent 
one in the 15 cases studied. In this group 
(Table) 14 cases had the greatest effect to 
the side opposite the surgery and down. In 
only one case was the greatest effect to the 
same side as the surgery and down. In 
most of these cases some limitation in adduc- 
tion on the operated side on as compared 
with the opposite side was noticed. 


Simple Tenotomy of a Lateral Rectus 
Muscle 

Case 2, an 11-year-old girl, came to the 
infirmary on June 24, 1947, with a history 
of the left eye turning out at times. Refrac- 
tion with homatropine cycloplegia was as 
follows: O. D. +1.50 sph=20/30; O. S. 
+1.25 sph=20/30. 


Type of Operation 


Position of Greatest Correction 
Same 


Opposite — on the Total 
Side Side wo Sides Cases, No. 
Unilateral medial recession and lateral rectus resection 97 5 3 105 
Unilateral medial resection and lateral recession 1 9 0 10 
Unilateral medial recession 4 0 15 
Unilateral lateral recession 2 0 


Unilateral medial resection 
Unilateral lateral resection 
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ae 1 down 3 same 

Spa 4 1 0 5 

me 1 5 0 6 

up up 
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(a) 20 degrees of 


Fig. operation : 
exotropia for distance; (b) straight for near; (¢) 
and (d) no limitation in adduction or abduction. 
Six months after simple tenotomy of the left 


lateral rectus: (e) 15 degrees of left exotropia 
for distance; (f) straight for near; (g) and (h) 
no limitation in adduction or abduction. 


Examination (Fig. 2 a,b,c,d) revealed 
about 20 degrees of exotropia for distance, 
while the eyes could be straight for near. 
Cover measurements were XT 22A, LH 3; 
XT’ 38A, LH 11. 


XT 30, LH 15 | XT 33, LH 5 XT 34 
Right XT 26,LH1 | XT 38, LH ll XT 30 Left 
XT 2,LH2 | XT 25, LH3 XT 16 


At surgery, on Aug. 25, 1947, a simple 
tenotomy of the left lateral rectus muscle 
was done. In this procedure the conjunctiva 
and tendon are picked up at the same time 
and cut without disturbing the check liga- 
ments and other tissues. Postoperative ex- 
amination on Feb. 5, 1948 (Fig. 2 e,f,g,h) 
revealed about 15 to 20 degrees of exotropia 
for distance, while the eyes could be straight 
for near. Prism cover measurements were 


XT 20A, LH 9A; X’ 20A, LH 4A. 


Urist 


XT 24, LH 5 | XT 13 


x'20,LH4 | XT 10 
XT 5 


XT 34, LH 9 
XT 28, LH 4 
XT 26, LH 4 


Right Left 


X 18 | 


As can be seen by t the iced in the cover 
measurements, very little effect has been 
measured on the side opposite to that oper- 
ated on. The improvement in cover meas- 
urements has been in levoversion, the same 
side where the recession was done, with the 
greatest change in levoelevation. This was a 
characteristic finding of the recession of a 
single lateral rectus muscle. A total of 20 
cases (Table) had a single recession of a 
lateral rectus muscle. In 18 the greatest 
effect was to same side as the recession, and 
in 15 of these it was greatest in upward and 
outward gaze. In two cases the effect was 
greater to the side opposite the surgery. 


Unilateral Resection and Advancement 
of a Medial Rectus Muscle 


Case 3, an 8-year-old boy, came to the 
infirmary on June 14, 1945, with a history 
of crossed eyes since the age of 2 following 
a case of measles. Refraction with atropine 
cycloplegia was as follows: O. D. +3.75 
sph=20/20; O. S. +3.50 sph=20/20. 
Examination (Fig. 3 a,b,c,d) revealed about 
20 degrees of esotropia with glasses and 25 
degrees without. The convergence near point 
was 20 mm. About 35 degrees of esotropia 
was present looking up, and the eyes ap- 
peared straight looking down. Prism cover 
measurements were as follows: c/c ET 
45A, LH 12A; ET’ 40A; LH 9A; 
s/c ET 48A, LH 12A; ET’ 47A, LH 9A. 


ET 52 ET 48 ET 46, LH 8 
Right ET60,LH3 | ET47,LH9 | ET58,LH11_ Left 
ET 52 ET 46,LH5 | ET 47, LH18 


At surgery, on Dec. 8, 1949, a bilateral 
3 mm. recession of the medial rectus muscles 
was done. Postoperative examination on 
April 8, 1950, (Fig. 3 e,f,g,h) revealed about 
10 degrees of exotropia for distance and 20 
degrees for near. About 5 degrees of exo- 
tropia was present looking up, and about 40 
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Fig. 3—Before operation: (a) 20 degrees 
of left esotropia with glasses; (b) 25 de- 
grees of right esotropia without glasses; 
(c) 35 degrees of right esotropia on supra- 
version; (d) 5 degrees of right esotropia 
on infraversion. Four months after bilateral 
3 mm. medial rectus recessions; (¢) 20 de- 
grees of left exotropia for near; (f) 10 de- 
grees of right exotropia for distance; (9g) 
5 degrees of left exotropia on supraversion ; 
(h) 40 degrees of left exotropia on infraver- 
sion. One month after reoperation where the 
left medial rectus was resected and advanced 
to its insertion 5.5 mm. from the limbus: 
(1) straight for distance; (/) straight for 
near; (k) straight on supraversion; (/) 30 
degrees of right exotropia on infraversion. 


degrees of exotropia, looking down. Prism 
cover measurements were s/c XT 14A, 
LH 4A; XT’ 20A, LH 2A. The objective 
and subjective angles were found at XT 
18A, LH 1A on the Troposcope. 


XT 2,LH3 | XT 18,LH1 | XT 14,LH3 
Right XT 35,LH4 | XT 20,LH2 | XT 28,LH10_ Left 
XT 42 XT 30 XT 36, LH 12 


Surgery for the exotropia was decided 
upon, and on April 30, 1951, an advancement 
and resection of the left medial rectus muscle 
was done. At surgery the recessed medial 
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rectus was found in proper position, indi- 
cating that the large exotropia in downward 
gaze following the small medial recessions 
was not due to a slipped muscle but rather 
to the marked effect of the medial rectus 
recession on the straight eyes in downward 
gaze before surgery. Postoperative examina- 
tion, one month after surgery (Fig. 3 i,j,k,/), 
revealed straight eyes for distance and near. 
There was still 30 degrees of exotropia look- 
ing down, and the eyes were straight looking 
up. Prism cover measurements were as 
follows: s/e ET 5A, LH 6A; ET’ 5A, 
LH 4A. 
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LH7 
ET’5, LH 4 XT 5, LH8 Left 
XT 6, LH 5 | XT 20, LH 15 


Right ET 8, LH2 


XT 4, LH 5 


This case demonstrated rather well the 
effect of a resection and advancement of a 
medial rectus muscle. The greatest change 
in the cover measurements was found in 
dextroversion, opposite to the side of the 
resection, especially in dextrodepression. In 
the five cases of this series (Table) that had 
a resection of one medial rectus, four cases 
showed the largest change in cover measure- 
ments on gaze to the opposite side and down, 
while in the remaining case it was greater 
to the same side and slightly greater up. 


Unilateral Recession of a Medial 
Followed by Resection of a 
Lateral Rectus Muscle as 
Two Seperate Procedures 

Case 4, a 13-year-old boy, came to the 
infirmary on May 19, 1947, with a history 
of the eyes having been crossed since birth. 

Refraction with atropine cycloplegia was 
as follows: O. D. +3.50 sph=20/25; O. S. 
+2.00 sph +1.25 cyl, ax 155=20/25. 

Examination (Fig. 4 a,b,c,d,e) revealed 
about 10 degrees of alternating esotropia 
with glasses and about 20 degrees without. 
There was 15 degrees of esotropia looking 
up and about 25 degrees looking down. 
Convergence near point was 40 mm. Bi- 
lateral elevation in adduction was present. 
Prism cover measurements were as follows: 
c/ec ET 154A, RH 6A; ET’ 28A, RH 6A; 
s/c ET 32A, RH 6A; ET’ 39A, RH 6A. 


ET 12,RH2,> ET 20,RH8| ET 30,RH5 


ET 34,RH4  ET39,RH6| ET43,RH12_ Left 


Right 


ET 48,RH5| ET49,RH4| ET 49, RH 10 


At surgery, on Oct. 28, 1947, a 10 mm. 
resection of the left lateral rectus muscle 


was done. Postoperative examination on 
Jan. 28, 1948 (Fig. 4 f,g,h,i,7), showed the 
eyes to be straight for distance with and 
without glasses. For near without glasses 
there was still 15 degrees of esotropia. Look- 
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Fig. 4.—Before operation: (a) 25 degrees of 
left esotropia; (b) and (c) bilateral elevation in 
adduction; (d) 15 degrees of esotropia on supra- 
version; (e) 25 degrees of esotropia on infraver- 
sion. One month after a 10 mm. resection of 
the left lateral rectus: (*) straight with glasses 
for distance; (g) straight without glasses for 
distance ; (h) 15 degrees of left esotropia for 
near; (t) and (7) no limitation in adduction. 

(Legend continued on following page) 
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ing up there was about 5 degrees of eso- 
tropia, while looking down there was 25 
degrees. Prism cover measurements were 
as follows: c/ce ET 8A, RH 6A; ET’ 194, 
RH 7A; s/c ET 26A, RH 7A; ET’ 284, 
RH 9A. 


ET8 ET ET 12,RH9 


Right ET34,RH5| ET28,RH9 ET 29,RH13 Left 
ET 36,RH7| ET37,RH4 ET 36,RH9 


At surgery on March 24, 1948, a 5 mm. 
recession of the left medial rectus muscle 
was done. Postoperative examination, on 
July 24, 1948 (Fig. 4 k,l,m,n,o), revealed 
about 5 degrees of exotropia for distance 
with glasses and straight eyes without. For 
near the eyes were straight with glasses, 
while about 5 degrees of esotropia was 
present without. There was limitation of 
the left eye in adduction. Prism cover meas- 
urements were as follows: c/c X 7A, 
RH’ 8A; s/c ET 10A, RH 9A; ET’ 8A, 
RH 5A. 


X 10, LH 2 ET 12, RH7 ET 4, RH 17 
Right X2,RH6 ET8,RH5 | ET12,RH12 Left 
RH10. | ET20,RH7| ET 24, 


This case showed the effect of two sepa- 
rate asymmetrical surgical procedures on 
the prism cover measurements. The effect 
of the left lateral rectus resection was more 
pronounced in levoversion, with the greatest 
effect in levoelevation. In the six cases in 
which a resection of a lateral rectus muscle 
was done (Table), five cases had the greatest 
effect to the same side and in the out and up 
positions of gaze. In one case the greater 
effect was to the opposite side and also in 
the out and up position. 

The effect of the left medial rectus reces- 
sion was characteristic in that the greatest 
effect was in dextroversion and dextrode- 
pression. The quantitative effect on the 


Four months after reoperation where a 5 mm. 
recession of the left medial rectus was done: (k) 
5 degrees of exotropia for distance with glasses; 
(1) straight for distance without glasses; (m) 
straight for near with glasses; () limitation of 
the left eye in adduction; (0) no limitation of the 
right eye in adduction. 
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cover measurements of each procedure was 
interesting. The resection of the lateral 
rectus produced a change of 18A in levo- 
elevation, while the recession of the medial 
rectus changed the deviation 36A in dextro- 
depression, exactly twice as much. Although 
one might expect a greater correction in this 
case following the recession operation, since 
it was done after the resection, it has been 
a rather consistent finding that in cases that 
have had the combination of a medial reces- 
sion and lateral resection the recession op- 
eration gave the greater correction. In this 
case there was no limitation in adduction 
following the lateral rectus resection (Fig. 
4 ig), while following the medial rectus 
recession a definite limitation in adduction 
was seen (Fig. 4 7). 


Unilateral Recession of a Medial and 

Resection of a Lateral Rectus Muscle 

Case 5, a 7-year-old girl, came to the 
infirmary on Aug. 30, 1948, with a history 
of the eyes turning in since the age of 3 
years. Refraction with atropine cycloplegia 
was as follows: O. D. +3.75 sph=20/25; 
O. S. +4.50 sph=20/25. On examination 
(Fig. 5 a,b) about 15 degrees of alternating 
esotropia was seen with and without glasses. 
Prism cover measurements were as follows: 
c/e ET 26A; ET’ 26A; s/c ET 27A; 
ET’ 45A. 


ET 50,RH4| ET 50,RH2] ET50,LH3 
Right ET50 | ET 45 ET 50 Left 
ET 45 ET43 ET 43,LH2 


The convergence near point was 25 mm. 
No fusion could be elicited. 

At surgery, on Oct. 20, 1949, a 4 mm. 
recession of the left medial rectus and a 7 
mm. resection of the left lateral rectus 
muscle were done. Postoperative examina- 
tion on July 25, 1950, nine months after 
surgery (Fig. 5 ¢,f), showed the eyes to be 
straight with glasses and about 10 degrees 
convergent without. There was some limi- 
tation of the left eye in adduction. Cover 
measurements were as follows: c/c X9A, 
RH 3A; s/c ortho; ET’ 3A. 
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Fig. 5.—Before operation: (a) 15 degrees of 
right esotropia with glasses; (>) 15 degrees of 
left esotropia without glasses; (c) and (d) 
eyes level in lateral gaze; no limitation in ad- 
duction or abduction. Nine months after a 4 
mm. recession of the left medial rectus and a 
7 mm. resection of the left lateral rectus: (e) 
eyes can be straight with glasses; (f) 10 de- 
grees of right esotropia without glasses; (g) 
limitation and elevation of the left eye in ad- 
duction; (h) eyes level on gaze to the left. 
Seven years after operation: (7) straight with 
glasses; (/) straight without glasses; (k) and 
(1) iimitation of the left eye in adduction when 
compared with the right eye in adduction. 


ET 2 
XT 2 
XT5 


ET 5 
ET3 
XT 3 


ET7 
ET 4 
ET 2 


Right 


reading only. 
On examination on Aug. 7, 1956 (Fig. 
5 ij,k,/), seven years after surgery, the 
eyes appeared straight with and without 
glasses. Limitation of the left eye was still 
present in adduction. Prism cover measure- 
ments were as follows: s/c EF 5A, LH 3A; 
E’ 5A, LH 4A. 


ET 10,LH3} ET8, LH3 | ET 20, LH 5 
Right ET6,LH4 ET’5, LH 4 ET 20, LH 5 


LH 2 


ET 4 ET7 


Third grade fusion was present at 0 on 
the Troposcope. 

The recession and resection operation to 
the left eye changed the deviation most in 
dextroversion, the side opposite to that op- 
erated on. This asymmetrical effect was 
found nine months after surgery and had 
increased seven years after operation. There 
was also limitation of the left eye in adduc- 
tion which persisted. Of the 105 cases 
(Table) that had the recession-resection 
operation, in 97 the effect was greatest on 
the side opposite to that operated on. In 
five cases the effect was greater on the same 
side as that operated on, and in three it was 
the same on the two sides. In this combined 
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Fig. 6—Before operation: (a) 20 degrees 
of left esotropia with glasses; (b) 30 de- 
grees of left esotropia without glasses; (c) 
and (d) slight limitation of movement in 
abduction; no limitation of movement in 
adduction. Two years after an 8 mm. medial 
rectus recession and an 8 mm. lateral resec- 
tion to the right eye: (e) eyes straight with 
glasses; (f) about 5 degrees of left esotropia 
without glasses; (g) marked limitation of 
the right eye in adduction; (/) no limita- 
tion of the left eye in adduction. 


operation the recession of the medial rectus 
gave the larger correction, as demonstrated 
by the greater change in the deviation to the 
side opposite that operated on and by the 
limitation in adduction that was present. 


Case 6, an 18-year-old girl, came to the 
infirmary on Nov. 24, 1947, with a history 
of the eyes turning in since the age of 5 
years. Refraction with homatropine cyclo- 
plegia was as follows: O. D. +0.75 sph 
>+0.25 cyl, ax 90=20/20; O. S. +2.25 
sph— +0.75 cyl, ax 90=20/30. 


ET 46, RH 5 


ET 43, RH 5 ET 48, RH 5 


She had 20 degrees of esotropia with glasses 
and about 30 degrees without (Fig. 6 a,b). 
Prism cover measurements were as follows: 
c/e ET 37A, RH 5A; ET’ 51A, RH 
11A; s/c ET 50A; ET’ 56A, RH 12A. 

At surgery, on Jan. 22, 1948, an 8 mm. 
recession of the right medial rectus and an 
8 mm. resection of the right lateral rectus 


muscle were done. Postoperative examina- 
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tion on Novy. 8, 1950 (Fig. 6 e,f,g,h), two 
years after surgery, showed the eyes to be 
straight with glasses and about 5 degrees 
convergent without. Marked limitation of 
the right eye in adduction was present. 
Prism cover measurements were as foHows: 
c/c ET 5A, RH 4A; ET’ 12A, RH 7A; 
s/c ET 20A; ET’ 22A, RH 7A. 


ET 15,RH4! ET 10,RH3 | 
ET 24,RH 12) ET 22, RH7 | 
ET 26, RH 10| ET 20, RH5 | 


Right ET2,RH5 Left 


ET 15, RH8 


This case was presented to show (1) 
the marked limitation in adduction that re- 
sulted from a medial rectus recession as 
large as 8 mm. and (2) the great change in 
prism cover measurements in gaze to the op- 
posite side to that operated on that was 
caused by the large recession, i. e., 24A of 
esotropia remaining on dextroversion with 
only 2A of esotropia remaining on levo- 
version, 

Case 7, an 8-year-old girl, was seen at 
the infirmary on June 2, 1947, with a history 
of the eyes turning in since the age of 2 
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Right ET 54,RH8| ET56,RH12) ET54,RH8 Left 

ET 64,RH8, ET62,RH8)| ET 65, RH 16 
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and there was some limitation in adduction 
bilaterally. Prism cover measurements were 
as follows: c/e ET 24A; ET’ 28A; s/c 


Fig. 7.—Before operation: (a) 20 degrees of 
right esotropia for distance with glasses; (b) 
degrees of right esotropia for near without glasses ; 


ET 40A; ET’ 45A. 


90; O. 


ET 50 
ET 55 
ET 40 


ET 39 
ET’45 
| ET 48 


ET 40 
ET 48 
ET 45 


At surgery, on Aug. 22, 1947, a 4 mm. 
recession of the right medial rectus and a 
10 mm. resection of the right lateral rectus 
muscle was done. Postoperative examina- 
tion one month after surgery (Fig. 7 f-k) 


revealed a large overcorrection. There was 
-about 25 degrees for distance and upward 
gaze, about 5 degrees for near and downward 


gaze, and excess abduction of the right eye. 
The glasses the patient had been wearing 


_were removed. When she returned to the 


clinic three months later (Fig. 8 a,b) 10 to 
15 degrees of esotropia was seen. The fol- 
lowing correction was prescribed, to be worn 
all the time. O. D. +2.00 sph +0.50 cyl, 
S. +1.75 sph +0.50 cyl, ax 180. 

When this correction was worn, the eyes 
often appeared straight, and they were about 
5 degrees convergent the rest of the time. 
Without glasses they were convergent about 
10 degrees. In March, 1953, prism cover 
measurements were as follows: c/c XT 5A, 
ET’ 8A; s/c ET 16A, ET’ 16A. 


(c) convergence near point is 20 mm.; (d) and _ stu =| ETS | ET3 

(e) eyes level in lateral gaze; slight limitation in Right XT 2 | ET4 Left 
abduction in each eye. One month after a 4 mm. | | o 
recession of the right medial and a 10 mm. resec- XT 12 | xTs | XT8 7 


tion of the right lateral rectus muscles: (f) 25 
degrees of exotropia for distance; (g) 5 to 10 
degrees of exotropia for near; (h) 25 degrees of 
exotropia looking up; (i) excess movement in 
abduction of the right eye; (7) some limitation 
of the right eye in adduction; (&) about 5 to 10 
degrees of exotropia looking ‘down. 


years. Refraction with atropine cycloplegia 


Second grade fusion was present at 0. 

The glasses were worn constantly until 
March, 1956, when the patient returned to 
the clinic. At this time a radical change 
had taken place (Fig. 8 c-h). For near 
there was about 15 degrees of exotropia 


; was as follows: O. D. +3.00 sph+0.50 with glasses and about 5 degrees without. 
1 cyl, ax 90=20/30; O. D. +2.75 spho+ Looking up the eyes were straight, while 
; 0.50 cyl, ax 180=20/30. looking down there was about 25 degrees of 
Examination (Fig. 7 a,b,c,d,e) revealed exotropia. The excess abduction of the 
: about 20 degrees of esotropia for distance right eye was improved, but now limitation 
. and near with glasses and about 30 degrees in adduction of the right eye was seen. 
) without. The eyes were level in lateral gaze, Prism cover measurements were as follows: ’ 
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Fig. 8—(a) Fifteen degrees of right 
esotropia present after not wearing 
glasses for three months; (b) conver- 
gence near point is 35 mm. Nine years 
after surgery: (c) 15 degrees of right 
exotropia with glasses; (d) 5 to 10 de- 
grees of right exotropia without glasses; 
(e) straight on supraversion; (f) 25 de- 
grees of right exotropia looking down; 
(g) excess abduction of the right eye 
not present; (h) limitation of the right 
eye in adduction. 


SA, XT” I5A; 


The glasses were removed, and when the 
patient was seen in the clinic one month 
later the eyes were straight. 

In this case the prism cover measurements 
were of great help in explaining the cause 
of the two different types of postoperative 
exotropia that developed. Immediately after 
surgery an exotropia that was greater for 
distance and upward gaze than for near and 
looking down, as well as excess abduction 
of the right eye, was seen. With these find- 
ings one could postulate a surgically pro- 
duced overaction of the right lateral rectus 
muscle. With the wearing of weaker glasses 
and the passage of time this overaction 
diminished and the eyes became straight with 
glasses, with a small remaining esotropia 
without glasses. However, the prism cover 
measurements taken in 1953 were interest- 
ing. They revealed an esotropia in levo- 
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version and_ levoelevation, while on 
dextroversion there was an exotropia in 
all fields, greatest on dextroelevation. This 
finding confirmed the impression that an 
overaction of the lateral rectus muscle had 
been produced. Second grade fusion was 
present at 0, and it was felt that a good 
surgical result had been achieved. How- 
ever, on the patient’s return to the clinic 
three years later, which was nine years 
after surgery, a different type of exotropia 
had developed. Now the exotropia was 
greater for near and looking down. The 
prism cover measurements at this time were 
also much different; for now an esotropia 
was present on dextroversion, while an 
exotropia was present in all positions on 
levoversion and greatest down. These meas- 
urements indicated a weakness of the right 
medial rectus to be the cause of the exo- 
tropia. 


Unilateral Resection of a Medial and 
Recession of a Lateral Rectus Muscle 


Case 8, a 4-year-old girl, came to the 
infirmary on Sept. 25, 1955, with a history 
of the left eye turning out at times since 
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Fig. ¥.—Before operation: (a) straight with 
glasses; (b) 20 degrees of left exotropia with- 
out glasses; (c) and (d) no limitation in ab- 
duction or adduction. Two months after a 5 
mm. resection of the left medial and a 7 mm. 
recession of the left lateral rectus muscles: 
(e) straight with glasses; (f) straight with- 
out glasses; (g) and (h) no limitation in ab- 
duction or adduction. 


the age of 3 years. Refraction with atropine 
cycloplegia was as follows: O. D, +1.00 
sph=20/20; O. S. +1.00 sph=20/20. She 
was given —1.50 spherical lenses in each 
eye, to be worn all the time. Examination 
(Fig. 9 a,b,c,d) showed that the eyes could 
be straight with glasses and without and 
that there was 20 degrees of exotropia with 
and without glasses at times. There was 20 
degrees of exotropia on infra- and on supra- 
version. Prism cover measurements were as 
follows: c/c XT 30A, LH 2A; XT’ 444A, 
LH 2A; s/c XT 30A, LH 2A; XT’ 44A, 
LH 2A. 


XT 38 | XT 40 XT 38 
Right XT45 | XT40,LH2) XT40,LH2 Left 
| | xT4 


Third grade fusion was present for near 
at 12A base in with —3.00 lenses on the 
Troposcope. 

On Sept. 27, 1954, a 5 mm. resection of 
the left medial and a 7 mm. recession of the 
left lateral rectus muscles were done. Post- 
operative examination on Nov. 24, 1954 
(Fig. 9 e,f,g,h), showed that the eves could 
Urist 


be straight with and without glasses as well 
as on supra- and infraversion. Prism cover 
measurements were as follows: c/c XT 
16A; XT’ 24A; s/c XT 18A, XT’ 28A. 


va 


XT2%4,LH3 | XT 20 XT 8, RH 10 
Right XT 26 XT 28 XT 9 Left 
XT 26 XT 22 XT 10 


As can be seen by the change in the prism 
cover measurements, the greatest change in 
the deviation as a result of the unilateral re- 
section of the medial rectus and recession of 
the lateral rectus muscle was in levoversion, 
the same side as the surgery. This finding 
has been a consistent one. Of the 10 cases 
that had this operation (Table), the greater 
effect was to the same side as the surgery 
in 9. These findings also confirm that the 
recession operation gives a greater correc- 
tion than the resection operation, because 
the greater effect was to the same side as 
the recession when both procedures were 
done at the same time. 


Unilateral Medial Rectus Resection and 
Lateral Rectus Recession 

Case 9, a 15-year-old girl, came to the 

infirmary in October, 1949, with a history 


at 
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Fig. 10—Before operation: (a) 45 de- 
grees of left exotropia for distance; (b) 
45 degrees of right exotropia for near; 
(c) and (d) apparent limitation in adduc- 
tion; excess movement in abduction. Nine 
months after a-S mm. medial resection and 
a 8 mm. lateral recession to the right eye: 
(e) 20 degrees of exotropia for distance; 
(f) straight for near; (g) and (h) no 
limitation in adduction. 


of the eyes turning out since birth. Refrac- 
tion with homatropine cycloplegia was as 
follows: O. D. +0.50 cyl, ax 115=20/20; 
O. S. —1.25 sph+0.50 cyl, ax 180= 
20/20. Examination (Fig. 10 a,b,c,d) re- 
vealed about 35 to 40 degrees of exotropia 
for distance and near. Prism cover meas- 


urements were as follows: XT 46A; 
XT’ 52A, LH 2A. 
XT 58,LH20 |XT60,LH5| XT 62,RH8 
Right XT56,LH2 |XT’52,LH2| XT56,RH4 Left 
XT 50,RH4 |XT50,RH4| XT 47,RH4 


At surgery, on June 15, 1950, a 5 mm. 
resection of the right medial rectus and an 
8 mm. recession of the right lateral rectus 
muscle were done. Postoperative examina- 
tion on March 15, 1951 (Fig. 10 e,f,9,h), 
nine months after surgery, showed that the 
eyes could be straight for near, while about 
15 degrees of exotropia was present for 


distance. Prism cover measurements were 
XT 16A, X’ 16A. 


XT 4, LH M4 XT 30 XT 45, RH 1 
Right XT6 XT 16 XT18,LH3 Left 
x3 XT 6,LH1 XT 8, LH2 
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Here, again, the greatest effect of the 
surgery was to the same side as the surgical 
procedure. Note what appears to be an 
asymmetrical effect in dextroelevation and 
depression. An XT 40A remained in dex- 
troelevation, while only XT 3A remained in 
dextrodepression. Actually, before surgery, 
while the cover measurements were only 
XT 58A in dextroelevation, there was more 
nearly 50 degrees, or 100A, of exotropia 
with the Hirschberg test. The exotropia in 
infraversion was consistent with XT 50A. 
Should reoperation be done in this case, the 
type of surgery is clearly indicated. It 
would not be a resection of the left medial 
rectus, which would give the largest correc- 
tion in dextroversion and dextrodepression, 
since the remaining exotropia was very 
small in these positions, but a large recession 
of the left lateral rectus. This would give 
the greatest correction in  levoelevation, 
where the remaining exotropia is largest. 


Comment 


The effect of asymmetrical horizontal 
muscle surgery on the prism cover measure- 
ments in the nine cardinal positions of gaze, 
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as summarized in the Table, has been in 
complete agreement with the known physi- 
ology of the action of the extraocular 
muscles. The medial rectus muscles are 
adductors, and the effect of surgery is to 
increase or decrease their adducting power. 
Since the direction of action is to the oppo- 
site side, the greatest effect on the prism 
cover measurements is to the opposite side. 
The lateral rectus muscles, on the other 
hand, are abductors. Their direction of 
action is to the same side and this was 
confirmed with the finding that the greatest 
effect of surgery was to the same side. 
Added to these known effects, the prism 
cover measurements suggest that there is 
also an effect in upward and downward gaze. 
The lateral rectus muscles apparently have 
their greatest effect in upward gaze, while 
the medial rectus muscles seem to affect the 
downward position of gaze more. 

It has been interesting to compare the 
amount of correction obtained with the re- 
cession operation with that of the resection 
operation. It is well known that a recession 
produces more correction than a resection. 
This has been confirmed rather well in the 
tabulation of our results. In the cases that 
had a unilateral resection of a medial and 
recession of a lateral, the greatest effect was 
to the same side, showing that the recession 
of the lateral rectus played the predominant 
role. In cases that had a unilateral recession 
of a medial rectus and resection of a lateral, 
the effect was greatest to the opposite side, 
again demonstrating that the recession had 
the greater effect, since the medial rectus 
acts best in the opposite field. 

With the results of this study in mind, 
I have found that prism cover measurements 
in the nine positions of gaze have been very 
helpful in planning the surgical procedure. 
In cases with symmetrical cover measure- 
ments a symmetrical operation would usually 
be indicated, keeping in mind that lateral 
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rectus surgery has a greater effect on up- 
ward gaze and medial rectus surgery, on 
downward gaze. In cases with asymmetrical 
cover measurements the specific action of 
asymmetrical surgery has its most useful 
application. If the cover measurements are 
greatest to the left and up, a left lateral 
rectus muscle procedure is indicated. If the 
measurements are greater to the left and 
down, a right medial rectus procedure is 
indicated. A medial recession and lateral 
resection would be done on the side opposite 
the greater deviation in esotropia. A medial 
resection and lateral recession would be done 
on the same side as the greatest deviation in 
exotropia. 


Summary 

A series of 161 cases that had asymmetri- 
cal muscle surgery along with prism cover 
measurements in the nine positions of gaze 
before and after surgery were studied to 
see what effect the surgery had on the meas- 
urements. 

The effect was found to be consistent with 
the physiology of action of the horizontal 
extraocular muscles. The medial rectus, be- 
ing an adductor, showed a greater effect 
after surgery in adduction, or, to the opposite 
side. Surgery of the lateral rectus, it being 
an abductor, had its greatest effect to the 
same side. 

When there was a combined operation on 
one side, such as a unilateral medial reces- 
sion and lateral resection or a unilateral 
medial resection and lateral recession, the 
greatest effect of surgery was in the direc- 
tion of action of the recessed muscle. 

Changes in the horizontal deviation in 
lateral-elevation were greater after operation 
on the lateral recti muscles, whereas greater 
horizontal changes occurred in lateral-de- 
pression gaze after operation on the medial 
recti muscles. 
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Ophthalmological Reviews 


Ocular Toxoplasmosis 


It has been demonstrated that Toxoplasma 
is a cause of “chorioretinitis” in adults. The 
frequency of toxoplasmic ocular disease and 
the manner of diagnosis of this entity, two 
questions which are interdependent, have 
been clarified in part. It is the aim of this 
paper to summarize the evidence incriminat- 
ing Toxoplasma and to discuss the modes 
of pathogenesis. On this basis, we can dis- 
cuss the usefulness of various diagnostic 
tests, their method of application, and the 
rational approaches to the chemotherapy of 
the disease which are available at present for 
individual patients. 


Evidence Linking Toxoplasma with 
Retinochoroiditis in Adults 


In a clinical syndrome which presumably 
may be brought about by a variety of agents, 
the determination of the etiology in indi- 
vidual patients presents a most difficult diag- 
nostic problem. This is particularly so in 
“chorioretinitis,” since it is generally not 
feasible to isolate agents from the eyes of 
living patients. Various agents have been 
suggested on the basis of concomitant sys- 
temic infection, or merely on the basis of 
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skin sensitivity, or of positive serological re- 
actions, in individual patien’.. However, 
it has been found repeatedly that such evi- 
dence can be misleading, unless controlled 
carefully. Control can be achieved when 
groups of patients with a particular syn- 
drome are studied with suitable groups of 
“normal persons” who are matched for age 
and locality to furnish a frame of reference. 
Even such definitive evidence as the identi- 
fication of etiologic agents at the time of 
enucleation of eyes furnishes no information 
concerning the frequency of an etiology, 
since the eyes that come to enucleation are 
selected by their protracted clinical course, 
leading to glaucoma, pain, or blindness. 
The high frequency of ocular lesions in 
congenital toxoplasmosis led opthalmologists 
to look for evidence of this etiology in other 
patients. Vail, Strong, and Stephenson '; 
Heidelman,? and Johnson * conducted some 
of these investigations. Unfortunately, ow- 
ing to the unreliability of the then extant 
neutralization tests for toxoplasmosis and 
owing to the lack at that time of general 
background information on the infection, 
their results were inconclusive, albeit sugges- 
tive. Later, the development of the skin 
test, the dye test, and the complement-fixa- 
tion test for toxoplasmosis provided means 
for similar studies on a larger scale. Data 
provided by a number of authors are pre- 
sented in Table 1, comparing the incidence 
of positive tests for toxoplasmosis in pa- 
tients with “chorioretinitis” and in control 
groups. The latter consist either of “nor- 
mal” persons from the same area and of 
similar age as the “patients” or of persons 


OC 
Frei 
Kel 
Hos 
& 
us 
& 
Jac 
Wa 
4 
Fre 
Sm 
Ho 
Fe 
Tac 
an 
W 
s 
d 
t 
( 
a 
1 
1 
| 
a ‘ 
4 
7 


OCULAR TOXOPLASMOSIS 


TABLE 1—Incidence of Positive Tests for Toxoplasmosis in Patients With and 
Without “Chorioretinitis” 


Area of 
Study 


Frenkel ¢ 
Keller & Vivell * 
Hogan, Thygeson, 

& Kimura 
Feldman's 
usacca, Nobrega, 

& 
Siegert * 
Jacobs, Cook, & Wilder * 
Woods, Jacobs, Wood, 
& Cook ! 
Fronkel 


California 
Germany 


California 
U.S.A. 


Smith & Ashton '* 


Hogan 
cited by Sabin ++ 


Jacobs, Naquin, oover, 
Woods 


Test Used 


“Choriore. 


- Control 
“Uveitis” tinitis"’ 


Patients 


Intradermal 
D 


No. % Pos. No. % Pos. 


2S 


32 
38 


* Includes both nonuveitis and anterior uveitis cases, since the latter show percentages of positives similar to “normal” controls 


and are not thought to be due to infectious agents. 
+ Anterior uveitis cases. 
¢ Sera from all parts of the United States. 
Complement fixation. 
All kinds of ocular disease other than “granulomatous.” 


Patients with chorioretinitis selected for the presence of Toxoplasma-like organisms in their eyes which ~ 4 poe -‘erneeaas 
# “Granulomatous uveitis" excluding 10 cases of recognized congenital toxoplasmosis included in original tabula‘ 


with “nongranulomatous” ocular disease, 
since such groups show a similar or only a 
slightly higher percentage of positives than 
do “normal” controls. 

Most of the data accumulated by such 
studies show a high association of positive 
tests for toxoplasmosis and “chorioretinitis.”” 
Only Feldman (as quoted by Sabin ™ and in 
a discussion of Hogan’s paper*) reported 
similar or even lower incidences of tests 
positive for Toxoplasma antibodies in pa- 
tients with chorioretinitis than in control 
groups. However, his data, unlike those 
others tabulated, were derived from serum 
specimens received from a number of cli- 
nicians, and so the criteria of diagnosis were 
not the same as where a group of ophthal- 
mologists in a single research center saw all 
the patients. Secondly, the controls were 
from one city, while the patients were from 
many localities. Thirdly, his figures repre- 
sent “patients with diagnoses of chorioreti- 
nitis or uveitis,’ thereby diluting the 
generally observed high incidence in the 
“chorioretinitis” group with the lower inci- 
dence to be expected in the “uveitis” group. 
The data of Hogan (1956) in Table 1 dem- 
onstrate these differences well. 


Frenkel—Jacobs 


A review of additional reports by a num- 
ber of investigators can be found in the 
article by Franceschetti and Bamatter.'® 
Some of the workers used the complement- 
fixation test and others used the dye test. 
The complement-fixation test may fre- 
quently yield negative results in the presence 
of dye-test antibodies at titers below 1:256. 
The significance of low dye-test titers has 
not been appreciated until recently and ac- 
counts for some of the low-incidence figures 
reported. Some investigators did not run 
dilutions below 1:16 '*; others did not report 
titers of 1:16 or lower,!? while still others 
employed a sliding scale depending on the 
patient’s age.1018 

Evidence of a different nature was pro- 
vided by Wilder’s demonstration of para- 
sites resembling Toxoplasma in some 50 of 
131 eyes, most of which had previously been 
classified as tuberculous or probably tuber- 
culous. Earlier, Straub?° had _ identified 
similar bodies in an eye enucleated because 
of secondary glaucoma due to chronic iri- 
docyclitis. Additional instances have been 
seen in the Registry of Ophthalmic Pathol- 
ogy and by Duke-Elder et al.2! in 
England. A more definitive identification of 
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Probability 
Author Date (P) of a 
No. % Pos. Large as That 
Observed 
1949 28 90* 20 <0.001 ee 
1952 17 80 14 <0.01 
1952 ye < 
Dye 144t 18 114 36 
1952 Brazil C.F. § 35 100 3 <0.001 
1953 Germany C.F. 300 721 || 16 <0.001 ae: 
1954 Maryland Dye 191 28* 25 <0.01 
1954 California ae 
Intradermal 39 100 19 <0.001 Biase 
1955 England Dye 31 102 39 <0.01 
C.F. 31 102 t 8 <0.01 
1956 California Dye 617 
1956 U.S.A. Dye 339 
1956 Maryland Dye 107 s6t 20 <0.001 ae 
Intradermal 107 86T 30 <0.001 a Me 


these parasites as Toxoplasma was provided 
by the finding by Jacobs, Cook, and Wilder,® 
of 100% correlation between dye test titers, 
which usually were low, and the presence of 
organisms in 21 patients whose eyes Wilder 
had studied; the expected incidence in a 
population of the ages studied was about 
50%. Finally, Jacobs, Fair and Bickerton ** 
isolated and identified Toxoplasma from the 
eye of a 30-year-old man whose eye was 
enucleated because of pain and blindness 
resulting from chronic  chorioretinitis. 
Habegger ** isolated Toxoplasma from sub- 
retinal fluid of a 45-year-old patient. 

The chain of evidence, starting from the 
direct identification, through the correlation 
of positive tests with the organisms seen in 
enucleated eyes, to the statistical studies, 
leads to the conclusion that Toxoplasma is a 
frequent cause of “chorioretinitis.” How- 
ever, this evidence also indicates the diffi- 
culty which can be encountered in the 
diagnosis of a particular case of the disease, 
because of the significance of low, stable 
antibody titers in the differential diagnosis 
and the presence of antibodies at the same 
level in normal persons. 

Reasons for the earlier controversy over 
the role of Toxoplasma in ocular disease 
were as follows: 1. None of the hitherto- 
described cases of systemic toxoplasmosis in 
adults which were accompanied by high dye- 
test titers were found to have ocular symp- 
toms. 2. In patients with “chorioretinitis” 
and a positive toxoplasmin test, systemic 
disease was absent and dye-test titers were 
frequently low. In some cases with low dye- 
test titers the skin test was even negative. 
However, these discrepancies can be recon- 
ciled by the concept that “chorioretinitis” 
usually is a manifestation of chronic, late 
toxoplasmosis, at a time when the antibody 
level may already be low and stable.** The 
earlier concepts of the pathogenesis of toxo- 
plasmosis had been based on experience with 
the clinical syndromes of the neonatal forms 
and the fatal disseminated visceral forms in 
adults. The entire pathogenetic sequence, 
whether of clinical or of inapparent infec- 
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tion, was inadequately appreciated. A\l- 
though it was known that chronic infections 
occurred in animals, the disease-producing 
potential of such infections in man was not 
demonstrated. 


Present Concept of the Pathogenesis 

of Toxoplasmosis 

In order to understand how Toxoplasma 
produces lesions in the eye, we should briefly 
review the spectrum of infection that this 
organism produces in man and animals. 
Toxoplasmic infection may be considered 
to pass through an acute, a subacute, and a 
chronic phase, which may be followed by 
cure. The rate of this progression varies 
in different hosts and according to the strain 
of Toxoplasma involved. Lesions accom- 
panying these stages of infection are usually 
asymptomatic, such as in most human adults. 
However, these lesions may be of sufficient 
magnitude to result in clinical illness and 
death in any one of these stages.** 

In the early acute infection proliferative 
forms of Toxoplasma multiply in a variety 
of cells and in most tissues. Cellular de- 
struction may be demonstrated in the form 
of cellular necrosis and inflammatory re- 
action in the heart, lung, liver, and else- 
where. Clinically, a febrile illness with 
myocarditis, pneumonitis, hepatitis, splenic 
enlargement, lymphadenitis, encephalitis, or 
skin rash has been observed in a few adults 
and infants. However, most human beings 
survive this stage without any illness. For 
example, mothers who have given birth to 
a clinically infected infant and who have 
shown serologic evidence of recent infection 
have not recalled symptoms more severe 
than lymphadenopathy and fever, and that 
only rarely.*5:?6 This illustrates the differ- 
ence in severity of infection in adults and in 
infants in utero, the latter frequently suc- 
cumbing in the neonatal period. Laboratory 
animals, such as mice, hamsters, rabbits, and 
guinea pigs, frequently die during the acute 
infection, if infected with a strain virulent 
for their species. This acute stage lasts one 
to three weeks and confluent pneumonia is 
the commonest cause of death. 
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Neutralizing-type antibodies, measurable 
by the dye test, and complement-fixing anti- 
bodies, generally appear during this stage 
of infection. The development of immunity 
becomes evident by a regression of signs of 
infection and by subsidence of the para- 
sitemia seen during the acute infection.?? 
This is followed, somewhat later, by a reduc- 
tion in numbers of parasites in the tissues 
and by the repair of lesions in the extra- 
neural viscera. However, despite this proc- 
ess, continued progression of the infection 
is found in certain organs. 

The term subacute toxoplasmosis is used 
to characterize this progression of the in- 
fection, which occurs in the central nervous 
system, the eyes, and occasionally elsewhere. 
High titers of serum antibody are present. 
The clinical forms of this stage are most 
commonly encountered in infants infected in 
utero, occasionally in adults, and in some 
animals in which immunity and antibodies 
are demonstrable but are inadequate to over- 
come infection in brain and eye.**** The 
subacute form may also follow inadequate 
chemotherapy. If death results it is usually 
from encephalitis. Ocular involvement due 
to Toxoplasma has first been observed in 
babies with the subacute infection, which 
was contracted in utero. In the majority of 
adults this state is asymptomatic. 

Chronic toxoplasmosis refers to the state 
where Toxoplasma persists predominantly 
in the cyst form.'4*4 Cysts, which are also 
called pseudocysts, develop intracellularly 
and are surrounded by a heavy resilient cyst 
wall that can be impregnated with silver in 
tissue sections. Cysts have been observed 
in the central nervous system, retina, and in 
skeletal and cardiac muscle. They appear 
to elicit little or no chemotactic response and 
may persist for the lifetime of the host. 
Cyst rupture is, however, followed by an 
intense necrotizing inflammatory reaction. 
Encephalitis as well as retinitis, due to cyst 
rupture, has been observed in hamsters and 
probably in man.** The number of cysts, 
their tendency to rupture, and their organ 
distribution determine production of clini- 
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cally apparent lesions in a variety of hosts. 
These lesions are rarely fatal, unless an 
overwhelming number of cysts disintegrate 
and produce myocarditis or encephalitis. 
Such a situation appears to have existed in 
the case reported by Kass et al. Anti- 
bodies are usually present during the chronic 
stage of toxoplasmosis; however, the titers 
decline to low levels. Dermal hypersensitiv- 
ity can be demonstrated in man, monkey, 
and guinea pig. Immunity to reinfection is 
generally but not always associated with 
chronic infection, as can be demonstrated in 
animals. 


Pathogenesis of Ocular Toxoplasmosis 


Patients in whose eyes Toxoplasma has 
been identified, either morphologically or 
by isolation, have exhibited low dye-test 
antibody titers, low or absent complement- 
fixing antibody titers, and positive reaction 
to the intradermal injection of toxoplasmin. 
Hence, it was concluded that these patients 
had become infected in the distart past and 
that they were in the chronic phase of the 
infection when symptoms were manifest that 
led to enucleation. It is usually in the 
chronic stage of infection that organisms are 
active in the eye, probably owing to the less- 
effective immune mechanisms which permit 
persistence of (1) Toxoplasma cysts and 
(2) proliferative forms (Figure). 

Cyst forms probably account for the 
greater proportion of the human cases of 
retinochoroiditis due to Toxoplasma. 
Lesions are produced after cyst rupture, 
which results in the sudden appearance of a 
retinal lesion.** This is manifest as visual 
impairment if the lesion or the inflamma- 
tory reaction in the vitreous involves the 
central visual axis. Experience from ani- 
mals indicates that organisms liberated by 
cyst rupture are generally destroyed in the 
ensuing inflammatory reaction and that the 
lesion is self-limited, resulting in a scar 
which may or may not be functionally ap- 
parent, depending on location.2* A large 
proportion of the patients with toxoplasmic 
ocular disease suffer from similar multiple 
but self-limited attacks. 
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STAGES OF TOXOPLASMA & HISTOLOGIC RESPONSE | 
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However, a small percentage of patients 
with serologic and immunologic evidence of 
toxoplasmosis present a picture of chronic 
progressive disease lasting, with minor re- 
missions, for several years. It is from this 
group that histologic evidence is available.’® 
Enucleation occasionally becomes necessary 
when extensive retinochoroiditis has resulted 
in secondary iridocyclitis and a nonfunc- 
ful glaucoma. In such eyes both cysts and 
tional eye afflicted with intractable and pain- 
proliferative forms of Toxoplasma have 
been identified. It is the active multiplication 
of the organisms in the retina that accounts 
for the chronic progressive nature of the in- 
fection. Lesions are also accompanied by 
signs of hypersensitivity, with periodic 
exacerbations suggestive of cyst rupture. 
Although it is possible that the proliferative 
forms may persist from the patient’s acute 
infection, it appears more likely that they re- 
sult from organisms released by cyst rupture 
some time during latent chronicity. Such 


264 


cysts;woll is ar- 
gyrophilic. Organ- 
isms with promi- 


is high. Orgenioms destroyed. 


3. Cyst rupture gives 4 Gli 
rise to focal 
necrotizing react- 


jon. 


organisms have failed to be destroyed by 
immune mechanisms and manage to enter 
and proliferate in new cells. The fact that 
Wilder * has seen. rosettes of organisms, 
which result from a few divisions of ad- 
herent parasites, indicates that the prolifera- 
tive forms are new and actively multiplying. 
It is apparent from the history of these 
patients and from the lesions in their eyes 
that low-grade destructive activity has gone 
on for years, and the findings at enuclea- 
tion of actively multiplying proliferative 
Toxoplasma organisms and of small newly 
formed cysts provide a ready clue to the 
pathogenesis. 

There is evidence, also, that occasionally 
chorioretinal lesions develop soon after the 
occurrence of systemic disease due to Toxo- 
plasma. Wising™ reported on a case of 
toxoplasmosis with lymphadenopathy which 
was followed very soon afterward by the 
appearance of chorioretinitis. This case 
was diagnosed on the basis of a change in 
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dye-test titer from negative to strongly posi- 
tive. Another case, in which diagnosis was 
substantiated by isolation of parasites from 
biopsied lymph nodes and muscle, will be 
reported by Kayhoe et al.® In this patient a 
chorioretinal lesion was first seen about five 
weeks after the first fever. It responded 
dramatically to treatment with pyrimetha- 
mine and sulfadiazine which were admin- 
istered to control the systemic disease. 


In these two adult cases, ocular lesions 
appeared as part of the subacute stage of 
infection in which, as in infants, there is a 
progression of the disease in the (brain 
and) eye after it has regressed elsewhere. 

For therapeutic considerations it is im- 
portant in each case to attempt a distinction 
between the two principal pathogenetic 
mechanisms summarized in the Figure. 
Lesions associated with proliferating Toxo- 
plasma primarily require specific antitoxo- 
plasmic chemotherapy. Lesions resulting 
from cyst rupture, as a hypersensitive re- 
action to antigen release, deserve being con- 
sidered for treatment with anti-inflammatory 
corticoids to decrease tissue destruction and 
scarring (see below). 


In view of the multiplicity of clinical des- 
ignations, such as uveitis, iridocyclitis, 
chorioretinitis, and the like, it is interesting 
to note that (1) in the series of human eyes 
studied by Mrs. Wilder Toxoplasma has 
been found only in the retina ®; (2) in the 
experimental analogue in the hamster Toxo- 
plasma cysts and proliferative forms have 
been found only in the retina 78; (3) a statis- 
tically significant correlation with positive 
tests for Toxoplasma has been established 
only for patients with “chorioretinitis” 
(Table 1). There is not sufficient evidence 
of a statistical nature from which to con- 
clude that Toxoplasma causes more than an 
occasional case of iridocyclitis. Pillat and 
Thalhammer ® have reported such a case, 
characterized by focal iridocyclitis, from 
which Toxoplasma was isolated. It was not 
clear from their report what the original 
situation of the parasite was in the eye; 
results of histologic studies were not given, 
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and iris and retina were not separated prior 
to inoculation into animals. Choroidal in- 
flammatory reaction is secondary to para- 
sitism of the retina and to retinitis, although 
the inflammatory reaction in the choroid is 
generally more productive than that of the 
retina, and it may extend to involve ciliary 
body and iris. (The degree of inflammatory 
reaction parallels the relative degrees of en- 
cephalitis and meningitis when both are 
present and merely reflects relative in- 
flammatory potentials.) Hence, the term 
uveitis is inexact when used in relation to 
occular involvement with Toxoplasma, al- 
though :t can serve as a noncommittal term 
in advanced ocular involvement where the 
fundus cannot be seen, the initial site of the 
lesion is not known, and the etiologic diag- 
nosis is uncertain. Pending the recognition 
of other correlations, the diagnosis of ocular 
toxoplasmosis should be restricted essentially 
to eyes in which a lesion of the retina is 
present, or likely to be present, behind the 
opacities of the vitreous or lens. 
Periphlebitis has been stated by Woods, 
in his recent book “Endogenous Uveitis,” ** 
and in collaboration with others,” to be 
related to Toxoplasma. Previously, as with 
so many ocular lesions, periphlebitis was as- 
cribed to the tubercle bacillus. The concept 
may be advanced that minute focal reactions 
due to the tubercle bacillus or to Toxoplasma 
could stimulate periphlebitis. Minimal le- 
sions might not be visible ophthalmoscopi- 
cally but could stimulate a more diffuse 
perivascular cuffing which could be dis- 
cerned. On the other hand, since focal re- 
actions produced by even small numbers 
of organisms are accompanied first by in- 
flammatory exudate in the vitreous and later 
by perivascular exudate, there is also theo- 
retical basis for denying such a pathogenetic 
connection. The argument here would be 
that even if the retinal focus and the vitre- 
ous exudate were beyond the range of the 
ophthalmoscope the intensity of the peri- 
phlebitis should provide a clue to an unob- 
served lesion. In any case, these arguments, 
pro and con, are all theory. No statistical 
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correlation between positive tests for toxo- 
plasmosis and periphlebitis has yet been 
made, mainly because of the paucity of such 
cases in the series studied. For example, 
Woods et al.!%15 had only four cases of 
periphlebitis in their first series and none in 
their second series. Any opinion concerning 
toxoplasmosis as a cause of periphlebitis 
must remain, at this time, purely speculative. 

Optic neuritis has been observed by 
Eichenwald in children surviving with neo- 
natal toxoplasmosis (cited by Hogan **). 
This is valid evidence for considering toxo- 
plasmosis also in the differential diagnosis 
of optic neuritis in adults. Although Toxo- 
plasma has not yet been encountered histo- 
logically in human eyes with optic neuritis, 
Toxoplasma cysts have been found in spinal 
nerves of hamsters with chronic toxoplasmic 
brain and eye involvement.** Hence, involve- 
ment of the optic nerve is entirely consistent 
with the presently known picture of chronic 
toxoplasmic infection. 

Much of the “granulomatous” character 
of toxoplasmic retinochoroiditis appears to 
be nonspecific rather than pathognomonic. 
Granulomatous inflammation productive of 
giant cells is not seen in any other tissues 
of patients with toxoplasmosis, nor in ani- 
mals. Hence, it appears more reasonable to 
ascribe the giant-cell reaction in the choroid 
to the disturbance of retinal tissue, pigment, 
and vitreous, which occurs secondary to ret- 
initis. Retinal pigment is found in these 
giant cells, whereas Toxoplasma is not 
found within them, nor are the parasites 
identifiable elsewhere in the choroid, despite 
their abundance in the retina.*? 


Diagnosis of Ocular Toxoplasmosis 


Statistical analyses of dye-test reactions in 
persons with all forms of “uveitis” when 
compared with control groups have indicated 
a strong correlation between toxoplasmic 
antibody and “chorioretinitis.” The rela- 
tively large number of positive reactors 
found in the general population, together 
with the fact that in cases of ocular toxo- 
plasmosis the antibody titers may be low, 
makes it impossible to establish a diagnosis 
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by serological procedures. Therefore, while 
the statistical correlations are believed to 
support the idea that Toxoplasma is a rela- 
tively frequent cause of “chorioretinitis,” 
the diagnosis in an individual case can be 
only presumptive. 

This situation is no different from that 
which exists in other ocular infections. For 
example, a positive tuberculin reaction is 
not proof that ocular disease is due to tuber- 
culosis. The same applies to positive tests 
for brucellosis, histoplasmosis, cryptococ- 
cosis, and probably also for syphilis. Never- 
theless, it is believed that immunologic tests 
for toxoplasmosis provide the physician 
with data of significant value because of the 
statistical correlation that has been made be- 
tween retinochoroiditis and toxoplasmosis 
in the absence of visceral involvement. Data 
on the relation of the other known etiologic 
agents to ocular disease are based on a few 
case reports, while statistical evaluation, 
such as has been summarized in Table 1 
for toxoplasmosis, is lacking. Hence, these 
diagnoses cannot reasonably be made at 
present except when there is systemic in- 
volvement. When this is absent, Toxoplasma 
must be considered in the differential 
diagnosis, even when antibodies or skin sen- 
sitivity to several organisms are demon- 
strable. The relative importance to be 
attributed to each positive test in individual 
patients will be discussed below. 

The procedures available for diagnosis of 
toxoplasmosis are the dye test,5* the skin 
test,54 and the complement-fixation test.5>-3¢ 
From the standpoint of the ophthalmologist, 
the last test has little value. Complement- 
fixing antibodies disappear earlier than dye- 
test antibodies or skin sensitivity, and they 
are frequently not demonstrable in persons 
with such other evidence of past exposure 
to Toxoplasma. The dye test and the skin 
test are the more important diagnostic tools. 
Recently, a hemagglutination test 7 and a 
precipitin test in agar** have been de- 
scribed. Their usefulness in the diagnosis of 
ocular toxoplasmosis is being evaluated at 
present. 
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Dye Test.—The dye-test reaction is based 
on the phenomenon that Toxoplasma or- 
ganisms affected by antiserum fail to stain 
with methylene blue, while normal parasites 
round up and become deeply colored. The 
effect of antibody on the parasites appears 
to be a partial lysis of the cytoplasm **; the 
cell wall shrinks and often becomes dis- 
torted but remains visible, although un- 
stained; the nuclear material retains its 
staining properties. 

For the reaction to proceed, a relatively 
large amout of heat-labile substance present 
in normal human serum and designated ac- 
cessory factor (AC) is required. This sub- 
stance has been demonstrated by Grénroos *° 
to be properdin *' plus the complement frac- 
tions C’2, C’3, C’4, and magnesium. Feld- 
man ‘*? has confirmed and_ extended 
Gronroos’ work. 

The technique of the dye test as it is per- 
formed in our laboratories is as follows. 

General: Toxoplasma gondii is main- 
tained routinely in laboratory mice by 
intraperitoneal passage. Intraperitoneal in- 
oculation results in a copious exudate con- 
sisting of inflammatory cells and numerous 
parasites, many of which become extracellu- 
lar, numbering to 3X10° per milliliter. 
Usually 0.1 ml. of a 1:40 dilution of exu- 
date in saline is used for the routine trans- 
fers. This is with the RH strain of the 
parasite and also with other strains (AJH, 
113-IP, CH, CJ, BDA, S, T) which have 
become highly virulent for mice. Most mice 
thus inoculated die in four or five days. 

Detail: 1. Twofold (or fourfold) dilu- 
tions of the serum to be tested are prepared 
in saline, One-tenth milliliter of each of 
these dilutions is placed in a separate tube.* 


*Serum without added preservative should be 
used. Inactivation at 56 C for 30 minutes is rec- 
ommended, to remove nonspecific antitoxoplasmic 
factor of low concentration. For convenience, 
the serum-dilution tubes may be prepared a day 
in advance of the test. The tubes should then 
be tightly stoppered with paraffined corks, to 
prevent evaporation, and refrigerated overnight. 
The first tube should contain undiluted serum, 
the next tube a 1:2 dilution, the next a 1:4 dilu- 
tion, and so on. 
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Suitable dilutions of a positive serum, of 
known constant titer, are similarly prepared 
for a positive control. Also, a tube contain- 
ing 0.1 ml. of saline alone and one contain- 
ing accessory factor alone are used for 
“negative controls.” 

2. Peritoneal fluid for the dye test is 
drawn from mice infected three days 
earlier.| The withdrawal is made by para- 
centesis of the abdomen with use of a hypo- 
dermic needle and a syringe containing 0.01 
ml. of 1% heparin{ solution for each 0.1 ml. 
of exudate to be withdrawn. 

3. This fluid is diluted fivefold (1:5) in 
a siliconized§ tube with saline containing 
10% normal human serum.|| The diluted 
peritoneal exudate is then centrifuged for 
two minutes at about two-thirds speed in a 


small clinical centrifuge (International 
bench model ).{ 


+ Peritoneal fluid three days after infection is 
used to avoid mouse antibody, which is present 
often on the fourth and fifth days. Anesthesia 
is recommended, because it is safer to withdraw 
peritoneal fluid from an animal that is not strug- 
gling. Also, some workers feel that a better yield 
of fluid is obtained from a relaxed animal. The 
procedure can be carried out under a hood, to 
protect the operator’s face from the highly in- 
fectious material. 

tA 4% solution of neutralized edathamil 
disodium (Sequestrene; Versene) in saline can be 
substituted for the 1% heparin solution. 

§ The tube must be siliconized.“ Otherwise, the 
fragile Toxoplasma organisms are injured even at 
low speed and the short period of centrifugation, 
and a high percentage of unstained parasites is later 
found in the negative control tubes of the test. 
For siliconizing, a number of products are probably 
useful. Desicote (Beckman Instruments, Inc.) 
has proved satisfactory. It is merely necessary to 
place a small quantity of the silicone solution into 
a carefully cleaned tube, making sure that all 
portions of the tube become wet. The excess 
solution is then poured off and the tube inverted 
and allowed to dry. 

|| The use of 10% human serum for the dilution 
of the exudate is a precaution against adverse 
effects of saline on the parasites.“ 

{Centrifugation is not always necessary. Fre- 
quently it is possible to perform a satisfactory test 
without centrifugation of the parasites. However, 
this procedure is desirable for two reasons: First, 
soluble antigen is usually present in the peritoneal 

(Footnote continued on following page) 
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4. The supernate is poured off. To 
the sediment in the centrifuge tube are added 
5 ml. of 80% AC in saline for each milli- 
liter of original peritoneal exudate.** The 
sediment is resuspended in the serum by 
gentle stirring. This is designated the Toxo- 
plasma-AC suspension. 


fluid, at apparently varying concentrations; if it 
is present in sufficient amount it may bind anti- 
body and prevent modification of the cytoplasm of 
the parasites, thus producing a false-negative re- 
sult.“ Secondly, the heparin necessary to pre- 
vent coagulation of the exudate frequently reacts 
with some constituent of the methylene blue dye, 
resulting in a finely divided floc which makes 
microscopic reading of the test much more difficult. 
The centrifugation washes the Toxoplasma organ- 
isms free of both soluble antigen and heparin. 

# The AC (accessory factor serum) must be 
obtained from a person without antibodies to 
Toxoplasma. The serum must meet the additional 
criteria that at least 95% of parasites incubated 
with it for one hour at 37 C retain their affinity 
for methylene blue and that its presence in a test 
run with a known positive serum results in the 
same titer found with previously used AC sera. 
In our experience, some persons have shown no 
antibodies but also have shown low AC potency. 
Other sera have been found to contain a non- 
specific heat-labile anti-Toxoplasma factor. In 
some areas this factor is so prevalent that it is 
difficult to find suitable AC sera. The AC serum 
should be separated as rapidly as possible after 
bleeding of the donor. The separation should be 
accomplished by centrifugation in a refrigerated 
centrifuge. The serum should then be placed im- 
mediately into tubes in small amounts adequate 
for each day’s use. The tubes should be plugged 
with clean white rubber stoppers or paraffined 
corks and stored in a Deepfreeze. 

** Resuspension of the parasites in 80% AC 
corresponds with the dilution of AC which would 
be obtained if 1 part of peritoneal exudate were 
mixed with 4 parts of AC. Actually, further 
dilution of AC may be possible, since it has been 
found that AC serum may be diluted to 70% and 
then further diluted by the addition of 1 part 
peritoneal exudate to 4 parts of AC serum, with- 
out change in the titer of a known positive 
serum.” This is not recommended, however, unless 
the particular AC serum is titrated for potency. 
(It is economical when a high price is paid for 
the blood.) Blood for AC use may be drawn into 
dry bottles and allowed to clot, or into citrated 
bottles, or it may be defibrinated. This is a 
matter of individual convenience. No deleterious 
effect of citrated serum has been observed. 
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5. One-tenth milliliter of the Toxoplas- 
ma-AC suspension is added to each of the 
previously prepared tubes containing 0.1 ml. 
of each dilution of the sera to be tested.¢} 

6. The serum and Toxoplasma-AC sus- 
pension are gently mixed. The tubes are 
placed in a water bath at 37 C for one hour. 

7. After the incubation period, 0.1 ml. 
of alkaline methylene blue solution ¢{ is 
added to each tube. The tubes are shaken 
to distribute the dye; then portions are 
examined microscopically, and the numbers 
of stained and unstained parasites are 
counted. 

8. The titer of a serum is that original 
serum dilution at which 50% of the para- 
sites are unstained. If the test is working 
properly, tubes at lower dilutions should 
show higher proportions of unstained para- 
sites and higher dilutions should show 
mostly stained organisms.§§ The interpreta- 


++ For greater safety, this operation can be 


carried on under a hood, to protect the operator. 
A 1 ml. syringe fitted with a long needle is 
useful for gently stirring the Toxoplasma-AC 
suspension and distributing it into the tubes. Forc- 
ing the Toxoplasma-AC suspension through a No. 
26 needle will tend to rupture host cells and release 
Toxoplasma organisms, which may otherwise re- 
main intracellular during part of or the entire 
incubation period, thus escaping the effect of anti- 
body which may be present. Any residual Toxo- 
plasma-AC suspension is incubated as an additional 
negative control. 

tt The methylene blue solution is prepared daily 
from two stock solutions. These are saturated 
methylene blue in 95% alcohol and a soda-borax 
buffer of pH 10.8 The latter is prepared as 
follows: 97.3 ml. of 0.53% NasCOs plus 2.7 ml. 
of 1.91% NasB.O;.10 HO. A convenient method 
of preparing buffer solution is by the use of 
Coleman buffer tablets, Formula 44; 1 tablet dis- 
solved in 100 ml. of distilled water yields a buffer 
solution of pH 10.8. For use, 1 part of the 
alcoholic dye solution is mixed with 9 parts of 
buffer. All the commercially available methylene 
blue samples that have been used by us have been 
satisfactory. 

§§ A prozone phenomenon is commonly observed 
when sera of high antibody titers are tested. 
Usually, a prozone is no higher than 1:128. The 
highest prozone observed was 1:1024, in a serum 
with a dye test titer of 1:1,000,000; this occurred 
in the serum of a 3-month-old baby with neonatal 
toxoplasmosis.**"* 


Vol. 59, Feb., 1958 


b 
W 
1 
P 
0 
a 
Cc 
a 
s 


—_ 


tic 
th 

te 
m 

in 
T 

to 

m 

as 

cl 
et 

tr 

te 

st 

re 
it 
fi 
f 

i 
1 

‘ 

= 


OCULAR TOXOPLASMOSIS 


tion of dye test titers will be discussed in 
the following section, together with the skin 
test. 

Skin Test.—The skin test for toxoplas- 
mosis is a tuberculin-type reaction, the read- 
ing of which is done at 24 and at 48 hours. 
The antigen is prepared in a manner similar 
to that used in the production of comple- 
ment-fixing antigens. Toxoplasmin was first 
prepared and used by Frenkel,** who used 
as the source of antigenic material both the 
chorioallantoic membrane of infected chick 
embryos and the peritoneal exudates of in- 
traperitoneally infected mice. With the lat- 
ter technique, exudates of a large number 
of mice are pooled and centrifuged and the 
supernatant fluid is discarded. The sedi- 
ment, consisting mainly of leukocytes to- 
gether with millions of parasites, is 
resuspended in a volume of saline 10 times 
its wet weight. The suspension is then 
frozen and thawed 10 times and is centri- 
fuged at high speed to remove all particulate 
matter. The supernatant fluid is sterilized 
by ultraviolet irradiation or by incubation 
with 1% phenol, and it is then diluted to 
1:100 and 1:1000 with saline, the final 
phenol concentration being adjusted to 
0.1%. The 1:1000 dilution is the usual 
antigen. It is tested in guinea pigs with 
chronic Toxoplasma infection. As a control 
antigen, the spleens of uninfected mice are 
similarly processed. 

Feldman and Sabin ** have used a skin- 
test antigen prepared from the chorioallan- 
toic membranes of infected chick embryos, 
which was standardized as to its comple- 
ment-fixing activity. As a control, in this 
case, uninfected chick embryos are used as 
a source of membrane material. These au- 
thors prefer the egg antigen, since it is 
possible to make a control from similar un- 
infected material. We prefer toxoplasmin 
from mouse peritoneal fluid for the follow- 
ing reasons: 1. The sediments of peritoneal 
exudates yield more antigenic and less car- 
rier material, making the antigen at the same 
time more specific and more sensitive than 
chick embryo antigen. 2. Utilization of anti- 
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gen prepared in mice avoids indeterminate 
reactions due to hypersensitivity to chick 
embryo protein, now frequently encountered. 
3. The spleen control material is adequate to 
test for species-specific antibody; it repre- 
sents an “over-control” in regard to antibody 
that might have been formed to specific 
cellular antigens. i 


The skin-test reaction is considered posi- 
tive if a zone of induration and erythema 
occurs at the site of intradermal injection 
of 0.1 ml. of the toxoplasmin antigen and 
not at the site of the control injection. In 
studies performed at the Wilmer Institute 
by Dr. Alan Woods and his co-workers, the 
skin-test reaction has been graded in a 
manner similar to that used by some for the 
tuberculin test.’ 


Interpretation of Diagnostic Tests in the 
Light of Clinical Research 


No correlation is generally present be- 
tween the intensity of the skin-test reaction 
and the level of antibodies revealed in the 
dye test. Tolentino and Razzi ** noted an 
inverse correlation. Lower skin sensitivity 
was associated more frequently with high 
dye-test titers. This might be expected theo- 
retically, although the range in variation is 
too considerable to be of practical value. 
Skin sensitivity appears later than dye-test 
antibody and apparently may be present for 
long periods, although not so long as serum 
antibody. This is evident from previously 
reported work," in which 87% of patients 
with positive dye tests showed toxoplasmin 
sensitivity. In the Wilmer study,’ when 
only those patients were considered who had 
titers of 1:64 or higher, 81% showed posi- 
tive skin tests. When patients with titers at 
or above 1:32 and 1:16 were considered, 
80% and 76%, respectively, showed positive 
skin tests. Discrepancies are found when 
titers have declined to low levels and, more 
rarely, during the early acute infection when 
titers may be high but hypersensitivity is not 
yet manifest. 


When positive skin tests are checked 
against serum antibodies, very good agree- 
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ment is obtained. The incidence of positive 
dye test in patients with positive skin re- 
actions increased, in the Wilmer study,'® 
from 72% to 90% when titers of 1:64 or 
1:16, respectively, were considered signifi- 
cant. This was for the entire group of pa- 
tients with ocular disease classified as either 
“granulomatous” or “nongranulomatous” 
uveitis. When only cases of “granulomatous 
uveitis” were considered, dye-test titers of 
1:16 or higher were found associated with 
positive skin tests in 95% of patients. 

The value of both the skin and the dye test 
is principally in furnishing evidence of past 
infection with Toxoplasma. It is apparent 
from previous studies %?? that the titer of 
serum antibodies need not be high to justify 
a presumptive diagnosis of ocular toxoplas- 
mosis. Furthermore, since the skin test may 
be strongly positive with low dye-test titers, 
or the converse, the intensity of the intra- 
dermal reaction cannot be used to strengthen 
a presumptive diagnosis of ocular toxoplas- 
mosis. Thus, the main value of these diag- 
nostic methods is the qualitative information, 
that they yield a positive or a negative re- 
sult. 

The presence of low antibody levels in 
cases of persistent Toxoplasma infection in 
the eye may be due to the “blood-ocular” 
barrier impeding antigenic stimulus from 
the eye or simply to the paucity of organisms 
and their limited distribution. 


From a research standpoint, rather than 
from immediate practical applicability, a 
number of questions arise in regard to the 
serological diagnosis of ocular toxoplasmo- 
sis. To the solution of these questions the 
clinician may be able to contribute valuable 
information. 


Higher dye-test titers appear to be more 
frequent among cases of active “granuloma- 
tous uveitis” than among control groups. 
For example, in the Wilmer study,1> 54% 
of 24 cases of posterior “granulomatous 
uveitis” with active lesions in the fundus 
showed titers of 1:512 or higher and 71% 
had titers of 1:256 or higher. On the other 
hand, only 19% of 13 cases without any 
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clinically discernible activity in the lesions 
showed titers at or above 1:512 and 44% 
showed titers at or above 1:256. It is possi- 
ble that in cases of active retinochoroiditis 
more significance can be attached to high 
titers of serum antibodies. Fluctuation in 
antibody titers may be of significance in 
relation to the activity of lesions. Un- 
fortunately, present facilities for the per- 
formance of the dye test hardly allow the 
routine performance of serial dye-test 
studies. Furthermore, before fluctuations in 
antibody titer in ophthalmic cases can be 
evaluated, a study of “normal” persons must 
be conducted to determine the stability of 
antibody levels. The idea is suggested for 
study in research programs where the fa- 
cilities are available. Manipulation of the 
eye, such as the gentle massage used to re- 
duce intraocular pressure in glaucoma, possi- 
bly may result in fluctuations in dye-test 
titer regardless of the activity of the lesion 
(although the lesion cannot always be ap- 
praised, because of the presence of vitreous 
opacities). It will be remembered that in 
the case from which Toxoplasma was 
isolated ** the dye-test titer fluctuated con- 
siderably following the enucleation. In col- 
laborative studies conducted by one of us 
(L. J.) with Walter Reed Army Hospital, in 
a few cases considerable fluctuation in anti- 
body levels has been observed. Here, again, 
such findings as these are in need of much 
study and careful evaluation against a suit- 
able frame of reference. They are not to 
be construed as constituting adequate bases 
for diagnosis. 

While it can be expected that in certain 
cases of early infection, or possibly long- 
past exposure to Toxoplasma, the skin test 
will be negative while the dye test is posi- 
tive, the converse may also occasionally be 
found in chronic infections. The evalua- 
tion of skin tests as “falsely positive” on 
the basis of a single dye-test result presumes 
that the dye test is an adequate standard of 
reference. It probably is generally reliable 
and can be expected to give a positive result 
in the majority of cases on single examina- 
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tion and in practically all cases on serial 
tests. However, results with it are not con- 
sistent enough to impugn the skin test on 
the basis of a single dye-test result or vice 
versa. Discrepancies have been pointed out 
as a matter of academic interest and for the 
purpose of providing a factual basis for fu- 
ture studies, but they are too slight to impair 
seriously the usefulness of either dye or 
skin tests as aids in the diagnosis of retino- 
choroiditis. 

Skin-test antigen (toxoplasmin) is read- 
ily available for clinical research and for 
individual patients from Eli Lilly and Com- 
pany. It appears to us that the dye test 
should likewise be made readily available for 
practicing ophthalmologists. We do not favor 
the accumulation of statistical data by a cen- 
tral laboratory, since, owing to the discrep- 
ancy in clinical criteria and the absence of 
proper control groups, matched according 
to locality, such series are of little signifi- 
cance. Instead, the diagnostic acumen of 
individual or groups of ophthalmologists is 
best utilized by having one or two central 
laboratories available where tests can be 
performed competently. This assures rela- 
tive uniformity of the diagnostic criteria 
and in the testing procedures. By the 
greater availability of tests, the accuracy 
with which clinical diagnoses are made by 
practitioners will be increased, provided it 
is clinically possible to separate retinocho- 
roiditis from primary choroidal inflamma- 
tory lesions and from degenerative lesions 
with secondary inflammation. It is felt that 
advances in clinical diagnosis are most likely 
forthcoming from medical practitioners. To 
limit access to the dye test to only a few 
practitioners, as has been suggested,1%-1*.4° 
would appear to neglect the latent scientific 
potential of many persons. From the stand- 
point of the patient, the denial of presently 
available information, although it contains a 
percentage of error, appears contrary to 
scientific and medical philosophy. 

Owing to limitations in biopsy of ocular 
material for culture and other investigations, 
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indirect diagnostic approaches must be used 
almost exclusively in the diagnosis of intra- 
ocular infection. For this reason, it is likely 
that diagnosis of ocular disease will continue 
to be hampered. However, in spite of tech- 
nical imperfections, it would appear prudent 
to attempt to make specific diagnoses, since 
specific treatments are now available for 
tuberculosis, syphilis, brucellosis, leptospi- 
rosis, and toxoplasmosis. These replace the 
nonspecific treatments of doubtful value, 
such as protein injections, fever therapy, and 
vitamin and hormone administrations, still 
often employed, which, like the corticoids, 
may actually be harmful. 


Differential Diagnosis of 
Retinochoroiditis in Relation to 
Treatment 


The so-called “conventional etiologies,” 34 
tuberculosis and syphilis, on which chorioret- 
initis was blamed for so long, can now com- 
monly be entirely excluded. Both diseases 
are becoming less frequent, and it is recog- 
nized, as it is for toxoplasmosis, that the 
mere presence of a positive tuberculin skin 
test or serologic reaction for syphilis does 
not by itself establish the diagnosis of a co- 
existent retinal lesion. 

With a clinical picture of retinochoroid- 
itis, diagnostic problems can, therefore, be 
characterized by the following questions: 
1. Is there evidence of past Toxoplasma 
infection? 2. Is there evidence of other 
etiologies? 3. Is there no evidence for any 
known etiology? With the presence of 
evidence for toxoplasmosis, but for no 
other specific etiology, a clear mandate for 
antitoxoplasmic therapy is given. 

If evidence exists for toxoplasmosis and 
other etiologies, the selection of the one 
against which treatment should be directed 
is a more difficult choice. However, it is 
well to review the etiologic roles of tubercle 
bacilli and of spirochetes as to the frequency 
of their occurrence in clinical case material 
as evaluated quantitatively in the toxoplas- 
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mosis studies summarized in Table 1.|| 
There is an absence of data that these or- 
ganisms account for more than a small pro- 
portion of patients with retinitis, especially 
when no lesions that might be due to them 
are found elsewhere in the body. Con- 
versely, available evidence indicates that 
toxoplasmosis accounts for at least 35% of 
cases of retinochoroiditis, even when the 
possibility of other etiologies is given 
abundant credit. Thus, on a statistical basis, 
the choice of therapy appears to be in favor 
of attempting anti-Toxoplasma treatment 
first. If this fails, specific treatments should 
be directed against whatever other agents 
were incriminated in the order of their 
likelihood, taking into account the serious- 
ness of permanent damage which may result 
from a delay. Should the diagnostic inves- 
tigation not uncover any specific etiology, 
nonspecific treatment can still be used. 

This is a statistical approach to practice. 
It takes into account all available data and 
sets a course of rational action for the 
treatment of individual patients. In addi- 
tion, the nature of response to treatment 
serves in part to evaluate the fit of the 
hypothesis. The favorable response to anti- 
Toxoplasma therapy in cases reported by 
Ryan et al.®® and Jacobs et al.!® indicates 
that in many cases the patient has benefited 
from this approach. 


The logic of treating patients with retino- 
choroiditis and positive tests for toxoplas- 
mosis has been supported recently by a 
study from the uveitis clinic at the Uni- 
versity of London.*® In a “double-blind” 
study, a significantly better response to 
pyrimethamine treatment was found in pa- 
tients with dye-test-positive uveitis than in 
those who were negative serologically. The 
response in the latter group was identical 
to that obtained with placebos in both 


|| The University of Kansas Ophthalmology 
group, working in collaboration with Dr. M. L. 
Furcolow, of the Public Health Service, have 
found no indication of a different incidence of 
tuberculin or histoplasmin sensitivity in patients 
with endogenous uveitis than found in similar age 
groups of the normal population. 
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positive and negative groups. On this basis, 
the investigators concluded that “toxoplas- 
mosis is an etiologic factor in some 25% 
of cases with uveitis and with a positive dye 
test.” In our opinion, an even broader 
conclusion is justified. The authors did not 
consider the dual nature of the pathogenesis 
of ocular toxoplasmosis. As discussed 
above, many lesions due to cyst-rupture 
alone are self-limited and subside spon- 
taneously. Hence, some of the cases which 
improved while on placebos and which they 
therefore ruled “nontoxoplasmic” should 
not have been excluded. Furthermore, the 
authors failed to take into account the dif- 
ference in incidence of dye-test positivity 
in the groups of patients with anterior and 
with posterior uveitis. By subtracting the 
incidence of dye-test positivity of the “nor- 
mal” population, and allowing for the cyst- 
rupture group, a 100% _ response to 
treatment is obtained in that percentage of 
patients with posterior uveitis statistically 
due to proliferative Toxoplasma. The ap- 
parently specific treatment-response to 
pyrimethamine of the  dye-test-positive 
group indicates as an etiologic factor either 
Toxoplasma or a serologically related agent 
(of which there is neither histologic nor 
microbiologic evidence). The absence of 
response to pyrimethamine in the dye-test- 
negative group rules out a significant inci- 
dence of Toxoplasma-unrelated treatment 
responses, which have been mentioned by 
some '* as discrediting the meaning of a 
therapeutic test. 

The diagnosis of retinochoroiditis de- 
pends on investigative procedures. Each 
patient should be studied medically, sero- 
logically, and immunologically, with a va- 
riety of etiologic agents kept in mind. The 
following have been found or are strongly 
suspected to give rise to retinochoroiditis : 
Mycobacterium tuberculosis, Mycobacter- 
ium leprae, Brucella spp., Treponema 
pallidum, Blastomyces, Cryptococcus, Ac- 
tinomyces, Histoplasma, Mucor or Rhizo- 
pus, herpes simplex virus, cytomegalic 
virus,*!** agent of Behcet’s disease, and 
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Toxoplasma. Some of these agents give 
rise to panuveitis, as do some migrating 
nematode larvae. One must constantly be 
on the lookout for new and unsuspected 
micro-organisms. An increasingly large 
number of investigators recognize that 
many, if not most, cases of “posterior 
uveitis” remain undiagnosed when criteria as 
strict as those used here for toxoplasmosis 
are employed.!*:1%.6+ Attempts should be di- 
rected at isolation of micro-organisms from 
the eye, by aerobic and anaerobic culture, 
the inoculation of animals, and tissue cul- 
ture. Dermal hypersensitivity may be a 
better indicator of retinal hypersensitivity 
and hence of greater correlative value than 
serologic tests. Whenever the onset of 
active retinitis should date back no more 
than a week, it would be useful to defer 
all skin testing until two serum specimens 
have been taken at two-week intervals, to 
test for a possible rise in titer which might 
implicate a specific micro-organism. 


Treatment of Ocular Toxoplasmosis 


When a presumptive diagnosis of active 
ocular toxoplasmosis has been made, a trial 
of specific treatment is usually indicated. 
Depending on whether the ocular lesion was 
produced by cyst rupture or by proliferative 
organisms, the therapeutic approach must 
vary. 

Cyst Rupture—A_ suddenly appearing 
retinal inflammatory lesion accompanied by 
exudate in the vitreous, by choroidal in- 
flammation, and often by hemorrhage is 
likely to have been caused by the hyper- 
sensitive reaction following the spontaneous 
rupture of a cyst in the retina. In most 
instances this lesion develops to its maximal 
size within one or two weeks and then 
subsides slowly during the following two 
months, leaving usually a pigmented retinal 
scar. In such a self-limited lesion Toxo- 
plasma probably does not proliferate; the 
main aim of treatment is to limit the extent 
of the lesion, especially when macular in 
location, and to accelerate healing. 
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The systemic administration of anti-in- 
flammatory corticoids is usually effective in 
reducing edema and exudate and in inhibit- 
ing further development of lesions resulting 
from hypersensitivity. Owing to the immu- 
nity-depressing activity of the same steroids, 
they need to be administered with extreme 
caution, in minimal inflammation-depress- 
ing dosage, and only when accompanied by 
specific antitoxoplasmic therapy. Since the 
actual levels of sulfadiazine and pyrimeth- 
amine ® needed to counteract the corticoid- 
induced depression of immunity have not 
been evaluated in man, considerable watch- 
fulness is indicated. A daily dosage of 50 
mg. of the anti-inflammatory equivalent of 
cortisone should be accompanied at least by 
2 gm. each of sulfadiazine { and sodium 
bicarbonate in divided doses, and by 25 mg. 
of pyrimethamine (Daraprim, Burroughs 
Wellcome) daily. If 100 mg. of cortisone 
equivalent is given, the doses of the other 
drugs should be doubled likewise. 


This treatment requires supervision to 
detect the occurrence of crystalluria from 
the sulfadiazine and to prevent the develop- 
ment of leukopenia and thrombocytopenia 
due to the combination of sulfadiazine and 
pyrimethamine. As a minimum, white blood 
cell counts and platelet counts should be 
determined once weekly. 


Hematologic complications have been 
counteracted effectively by the repeated 
administration of the vitamin folinic acid, 
or citrovorum factor (Leucovorin, Lederle), 
3 to 9 mg. daily, orally, or intramuscularly 
for three days or until the platelets and 
white blood cells have reached safe levels. 
In experimental murine toxoplasmosis, 
using dose relationships comparable to those 
employed in man, the therapeutic action of 
pyrimethamine alone or in combination 
with sulfadiazine was unimpaired by the 


{ Other sulfonamides that show high penetration 
into the intracellular fluid space, such as sulfa- 
merazine, sulfarmethazine, and sulfapyrazine, are 
similarly useful. Those virtually limited in distri- 
bution to the extracellular fluids, such as sulfisoxa- 
zole (Gantrisin) and sulfadimetine (Elkosin) are 
not effective.*:@ 
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addition of a fifth of the amount of folinic 
acid. Three to five milligrams daily of 
this vitamin can repair hematologic defi- 
ciencies in patients even when given simul- 
taneously with antitoxoplasmic therapy 
consisting of 25 mg. of pyrimethamine and 
2 gm. of sulfadiazine daily. The seeming 
paradox of giving both drug and antagonist 
in antitoxoplasmic therapy is explained by 
the inability of Toxoplasma organisms to 
use free folinic acid, apparently requiring 
p-aminobenzoic acid for its synthesis, 
whereas man and mouse can utilize exog- 
enous folinic acid.5'** Multivitamin prep- 
arations containing significant amounts of 
p-aminobenzoic acid or folic acid should 
be avoided during antitoxoplasmic therapy, 
since the former is directly antagonistic to 
therapy and the latter may be so indirectly 
owing to its breakdown.# Yeast is useful 
as an adjuvant, since it supplements the 
action of folinic acid without being antag- 
onistic to therapy.** Cyanocobalamine (vita- 
min Bi2) appears of potential danger, 
since it would accentuate the folinic acid 
deficiency (unless this vitamin were supple- 
mented), making itself known by an accen- 
tuation of hematologic defects in the host.®? 


# It has been stated erroneously, or as a result of 
misprint, that folic rather than folinic acid could 
be used to antagonize the combined effects of 
sulfadiazine and pyrimethamine.” Folic acid 
antagonizes the effects of both sulfadiazine and 
pyrimethamine on Toxoplasma, and its administra- 
tion would defeat the aim of treatment. Further- 
more, pyrimethamine interferes with the conversion 
of folic to folinic acid, the latter being required to 
alleviate or prevent the hematologic damage. 
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TABLE 2.—Outline of Schedule Used in the Treatment of Patients with Probable 
Ocular Toxoplasmosis ; Daily Dosage. 


Folinic acid should be used whenever the 
platelet count drops below 200,000 per cubic 
millimeter, and pyrimethamine-sulfadiazine 
need not be discontinued. Folinic acid may 
be given prophylactically, 3 to 5 mg. by 
mouth daily, whenever sulfadiazine-pyri- 
methamine treatment is instituted in elderly 
persons and in those with a poor diet, espe- 
cially during the winter months. 

After the inflammatory reaction has sub- 
sided, the corticoid should be slowly with- 
drawn over a_ two-week period, while 
moderate doses of acetylsalicylic acid are 
given to stimulate endogenous adrenal func- 
tion. This is slowly withdrawn after three 
to four weeks, while specific chemotherapy 
is maintained for another two weeks, as 
outlined by the pattern given in Table 2, 
used with individual modifications at the 
University of Kansas Medical Center. 

Although salicylates do not increase pe- 
ripheral corticoid levels in man,®* there is 
good evidence that they increase both secre- 
tion and removal of corticoids and that 
they can prevent corticoid-induced adrenal 
atrophy. Salicylates or Pseudomonas poly- 
saccharide (Piromen) or typhoid vaccine * 
is preferable to adrenocorticotropic hor- 
mone, since the former substances may be 
thought to stimulate the entire pathway 
affected by corticoid-induced pituitary- 
adrenal hypofunction.™ 

Thus corticoid effects are maintained to 
limit the destructive aspects of hypersensi- 
tive inflammation, covered by specific 
sulfadiazine-pyrimethamine therapy. Exog- 
enous corticoids are withdrawn slowly, 


Week of Treatment 
Equivalent, Mg. 


week 
Next week 


Anti-Inflammatory 
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g. 
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while the endogenous supply and homeos- 
tasis are stimulated. Specific treatment is 
continued for about two weeks after salicyl- 
ates have been discontinued. The patient is 
examined at weekly or more frequent in- 
tervals during treatment, as well as one, 
two, and four weeks after the discontinu- 
ance of sulfadiazine and pyrimethamine, to 
detect any possible reactivation of lesions. 
He is cautioned to watch for possible 
recurrences. 

The corticoid of choice has not yet been 
determined, and it might best be selected 
according to personal preference of the 
physician. Cortisone, hydrocortisone, pred- 
nisone, and prednisolone, as well as methyl- 
ated, 16-hydroxylated and the fluorinated 
analogues, are anti-inflammatory; the rela- 
tive immunity-depressing effects of the first 
four compounds, in experimental infections, 
go parallel with their relative anti-inflamma- 
tory effects.***> There appears to be little 
to choose between them, at least on this 
basis, pending further analysis of their prop- 
erties. 

If the serologic titer is low (a dye-test 
titer below 1:256) it may be helpful to 
attempt to elevate it by repeated injection 
of graded doses of antigen (toxoplasmin). 
Since antibody is thought to participate in 
the immune reaction against Toxoplasma, 
and antibody, like other proteins, diffuses 
with difficulty into the eye, a high serum 
titer of antibody may have to be attained 
to reach a threshold effective antibody level 
beyond the blood-neuroectodermal barrier.* 
Although the diffusion of protein is in- 
creased through this barrier during the 
presence of active inflammation, the admin- 
istration of corticoids decreases capillary 
permeability and the volume of exudation; 
this again emphasizes the need for a higher 
antibody titer in the exudate. 

Active Proliferation of Toxoplasma in 
the Retina.—Chronic smoldering retinocho- 
roiditis with activity present for many 
months or years suggests that the lesions 
are due to actively proliferating organisms. 
Vigorous treatment is required to inhibit 
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microbial proliferation. This is best at- 
tempted by the combined administration of 
sulfadiazine and pyrimethamine.®* 
though hypersensitivity probably plays a 
role in the pathogenesis of this lesion like- 
wise, corticoids are contraindicated, in view 
of the already patently inadequate immune 
response. Sulfadiazine-sodium bicarbonate 
combinations of as high as 6 gm., combined 
with 25 to 100 mg. of pyrimethamine daily, 
have been employed on occasion during the 
first week, carefully controlled by urine 
analysis and counts of blood platelets and 
other formed blood elements. When the 
platelets are depressed below 200,000 per 
cubic millimeter, or when the total white 
blood cell count drops below 5000 per cubic 
millimeter, folinic acid is administered in 
daily doses of 3 to 5 mg., while platelet 
counts are followed daily. When platelets 
are stabilized close to 200,000 per cubic 
millimeter, pyrimethamine, 25 mg., with 2 
gm. of sulfadiazine and sodium bicarbonate, 
each, are given as daily maintenance dose 
with folinic acid, 1 to 3 mg. as needed. 
Treatment is continued until inflammation 
has subsided, usually after four to six 
weeks, with sharp delineation of the de- 
stroyed area and beginning pigmentation. 
Lesions can be expected to show improve- 
ment within one to two weeks after the 
onset of chemotherapy. The same indica- 
tions mentioned previously exist here for 
increasing the antibody titer if it is found 
to be low. 


Summary and Conclusions 


The association of certain forms of ocular 
inflammatory disease with toxoplasmosis 
has been demonstrated by the following 
findings in patients: (@) a significantly in- 
creased incidence of dye-test and skin-test 
reactors to Toxoplasma antigen, when com- 
pared with control groups of similar age 
from the same locality or area; (b) the dis- 
covery of organisms, morphologically re- 
sembling Toxoplasma, in enucleated eyes 
and the associated finding of Toxoplasma 
antibody in every one of these patients who 
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could be traced; (c) the actual isolation of 
Toxoplasma organisms from the eyes of 
two * patients who had central retinochoroid- 
itis of long duration, who also had anti- 
body to Toxoplasma, and in the sections of 
whose eyes organisms morphologically re- 
sembling Toxoplasma were found. 

Serologic, immunologic, and histologic 
evidence indicates that ocular toxoplasmosis 
in virtually all adults and older children is 
a manifestation of the chronic state of 
toxoplasmosis, generally following an 
asymptomatic acute infection. 

Histopathologic study of human _ eyes 
containing Toxoplasma-like organisms and 
experimental studies of ocular toxoplasmo- 
sis in hamsters have yielded the following 
results of clinical importance to man: 

1. Proliferative forms of Toxoplasma 
that multiply in the retina can give rise to 
clinical illness that is frequently progressive 
and has led to the enucleation of eyes after 
they had become phthisic. 


2. Cysts (or pseudocysts) are the more 


usual forms in which Toxoplasma persists 
throughout the chronic infection. These 
cysts appear to be inert when intact; how- 
ever, when they rupture they give rise to 
an intense inflammatory reaction, suggesting 
hypersentitivity. Depending on the state of 
immunity, the organisms that are liberated 
with cyst rupture either are destroyed or 
enter other cells and proliferate slowly and 
form new cysts. 


3. In ocular toxoplasmosis, organisms 
have been found only in the retina, al- 
though the inflammatory reaction is severer 
in the choroid. No Toxoplasma-like organ- 
isms have so far been found in the iris, the 
choroid, or elsewhere in the “uveal tract.” 
Hence there appears to be justification for 
considering only the clinical picture of 
retinochoroiditis to be on a_ toxoplasmic 
basis. 

The technique and evaluation of the dye 
test and skin test for toxoplasmosis are 
discussed. It is felt that they both are use- 


* Dr. Don E. Eyles accomplished an isolation in 
addition to that reported in Reference 22. 
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ful, that the skin test may be used as a 
screening test, to be followed by the per- 
formance of the dye test, especially if the 
skin test is negative. 

Many “normal” persons have Toxo- 
plasma antibodies, and no quantitative or 
qualitative immunological tests differentiate 
between cases of chronic ocular toxoplasmo- 
sis and of such inapparent or past infec- 
tions. Hence, the diagnosis of toxoplasmic 
retinochorioditis is purely a statistical one. 
However, statistical studies have shown that 
toxoplasmosis probably is one of the more 
important causes of “chorioretinitis,” ac- 
counting for a large proportion of cases. 
Individual human needs require action 
beyond the scientifically describable prob- 
ability. Hence patients fulfilling the follow- 
ing criteria may tentatively be regarded as 
toxoplasmic for the purpose of clinical 
management : 

1. Evidence of present or past retinal 
inflammatory lesions should be demonstra- 
ble. These should conceivably be primary, 
with “secondary” choroidal inflammatory 
reaction. These criteria must sometimes be 
modified when, owing to intense inflamma- 
tion in the vitreous, the retina cannot be 
visualized or when the lesion appears to 
be in the anterior segment of the retina 
and cannot be observed. 


2. The dye test for toxoplasmosis (re- 


gardless of titer), the toxoplasmin skin test, 
or both must be positive. 

3. The patient should not have an active 
generalized infection, such as disseminated 
tuberculosis; secondary syphilis; dissemi- 
nated fungus infection as cryptococcosis, 
active brucellosis, or leprosy; he should 
not show stigmata of Behcet’s disease, sar- 
coidosis, or cytomegalic virus infection ®:® 
or the violently destructive ocular lesion 
characteristic of nematode infection. 

Treatment is indicated whenever the ten- 
tative diagnosis has been made and the le- 
sion is active. Depending on whether or 
not it is possible to distinguish between 
lesions resulting merely from cyst rupture 
and those accompanying the proliferation 
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of Toxoplasma, treatment is described, 
consisting of a combination of sulfadiazine 
and pyrimethamine (Daraprim), with the 
addition of folinic acid (Citrovorum factor; 
Leucovorin) to make this therapy safe; this 
can be accompanied by anti-inflammatory 
corticoid therapy, if lesions are severe 
enough so that scarring may result in fur- 
ther visual impairment. A detailed treat- 
ment program is outlined, and prevention 
of complications of therapy is discussed. 
If this treatment is not successful, other 
etiologic entities should again be investi- 
gated vigorously and other therapeutic 
measures should be tried. 

Evidence presented indicates that toxo- 
plasmosis accounts for a sizeable proportion 
of cases of retinochoroiditis and is the only 
diagnosis that has been evaluated statisti- 
cally. The “conventional etiologies,” tuber- 
culosis and syphilis, as well as brucellosis, 
leprosy, leptospirosis, cryptococcosis, and 
sarcoidosis, appear to account for a small 
percentage of cases. A large reservoir of 
undiagnosed cases exists, and the proba- 
bility of unrecognized etiologic agents calls 
for the employment, wherever possible, of 
unconventional and direct diagnostic proce- 
dures, such as the culture of ocular fluids 
and tissues in special media, under aerobic 
and anaerobic conditions, as well as in ani- 
mals and tissue cultures. 

Dr. Myron J. Willis, Communicable Disease 


Center, Public Health Service, computed the x’ 
values in Table 1. 


Department of Pathology and Oncology, Uni- 
versity of Kansas School of Medicine (12). 
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Cornea and Sclera 


LEONARD CHRISTENSEN, M.D., Portland, Ore. 


This review will follow the schematic out- 
line listed below. The material reported does 
not include summaries of all publications 
concerning the cornea and sclera during the 
past year but rather attempts to cover broad 
general trends of interest and research most 


pertinent to the practicing ophthalmologist. 
Anatomy 
Physiology 
Corneal transparency 
Hyaluronidase and antihyaluronidase 
Lipogenesis 
Neovascularization and antigen-antibody 
reaction 
Sensibility 
Pathology 
Anomalies 
Virus infection 
Keratitis 
Degeneration 
Systemic disease 
Surgery 
Treatment 
Sclera 


Anatomy 


Corneal thicknesses were measured in 
both sexes at various ages and during 
various refractive states by a modified 
ophthalmometer. Normal corneas were 
found to slightly increase in thickness with 
age, measuring on an average 0.559 mm. for 
persons under 25 years of age, 0.565 mm. 
for persons over 25 years of age, and 0.571 
mm. for persons over 65 years of age. In 
myopia above 5 D. the average thickness was 
found to be 0.524 mm., and in hypermetropia 
above 3 D., 0.565 mm. In disease of the 
anterior segment, including iridocyclitis and 
uveitis, an increased thickness of the cornea 
was often found without clinical evidence 
of edema or opacity.’ Corneal curvature also 
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varied during life and was usually found to 
be spherical during infancy, changing to an 
astigmatism with the rule during childhood 
and adolescence and then becoming spherical 
again in adulthood. Finally, an astigmatism 
against the rule develops in old age. These 
alterations in corneal curvature were at- 
tributed to influence of ocular muscles and 
ocular adnexa.? 

Normally the elementary fibers of the 
corneal stroma measure 37 mp to 50 my in 
thickness, in contrast to a thickness of 65 
my per fiber in corneal leukomas. This was 
observed by studies with an electron micro- 
scope.* 

Small channels (Bowman’s canals) have 
been observed in corneas subjected to force- 
ful injection of a liquid or gas. In flat 
preparations made of corneas previously 
traumatized, leukocytes were observed in 
long rows extending to the wound area. The 
arrangement of these leukocytes suggested 
the possibility that Bowman’s canals act as 
an avenue of access for migratory cells.* 

Nerve fibers to the cornea originate from 
the ciliary plexus and invade the cornea from 
the periphery at the midstromal level. On 
entrance into the cornea the fibers become 
nonmedullated. In rabbits three types of 
fibers were found to exist, two of which 
were demonstrable in humans. These con- 
sisted of (1) coarse fibers with dichotomic 
branches which terminated in the corneal 
ground substance or base of the corneal 
epithelium, (2) fine fibers with dichotomic 
branches terminating in the stroma without 
end-organs, and (3) fine reticular fibers 
possibly belonging to the autonomic nervous 
system that terminated on blood vessels at 

the limbus.® The corneal endothelium may 
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be supplied with nervous pathways, although 
this has not yet been demonstrated in 
humans. In rabbits fibers were found to 
course through the endothelium from the 
periphery, and these fibers appeared to 
terminate within scattered endothelial cells.® 


Physiology 


Corneal Transparency.—Corneal trans- 
parency is dependent upon a precise struc- 
tural arrangement of stromal fibers and 
cementing substances. In the broadest sense, 
two factors may decrease transparency: 
first, a derangement of the normal structure 
of the fibril, and second, an increase in 
corneal hydration. The corneal lamellae are 
probably composed of fine fibrils of uniform 
diameter arranged in a regular lattice in 
such a manner that scattered light is de- 
stroyed by mutual interference. The 
structural arrangement of the stromal fibrils 
is relatively static. When these fibrils are 
deranged, as occurs under stress, the cornea 
loses transparency.’ If this is correct, 


permanent opacities probably develop after 


loss of stromal substance, because the re- 
generated fibrils are of different size and 
structural arrangement. By contrast, the 
water content of the cornea is in a constant 
dynamic state, and when it exceeds a certain 
level clouding begins. Under these circum- 
stances the clouding may also be attributable 
to displacement of the fibrils because of 
excess fluid in the ground substance.? Some 
factors concerned with the maintenance of 
this water level include active metabolic 
processes in the cornea, the state of the 
epithelium and endothelium, movements of 
electrolytes, ocular pressure, and possibly 
pH and temperature. The role of several of 
these factors has been fairly well established, 
and at the present time the most complex 
problem is concerned with the relationship of 
metabolic activity to the transport of fluid 
from the cornea to its surrounding media. 
The previously held concept that tissue fluids 
flow from the limbal capillaries through the 
cornea to the external surface or anterior 
chamber because of higher osmotic pressure 
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of tears and aqueous is no longer considered 
valid. For such a mechanism to function, 
the osmotic pressure gradient would have to 
favor a flow of water out of the stroma to 
the surrounding media. This, in turn, would 
require that the endothelium and epithelium 
be practically impermeable to electrolytes 
but allow free flow of water. However, the 
evidence of more recent years indicates that 
the epithelium and endothelium are perme- 
able to electrolytes.*1° Also, the evidence 
favors the view that the osmotic pressure of 
tears and aqueous does not exceed that of 
the stroma. This leads to the logical con- 
clusion that some metabolic process exists 
whereby water or electrolytes or both are 
actively secreted out of the cornea. As yet, 
neither the nature nor the site of the mecha- 
nism or mechanisms responsible for this 
pumping action have been established. Some 
recent evidence for a metabolic pump con- 
trolling corneal hydration is presented in the 
following paragraphs. 

Hypothetically, if the “swelling pressure” 
of the cornea is the same as the colloid 
osmotic pressure of the plasma, no active 
dehydrating process should be necessary. 
Studies of corneal swelling pressure have 
previously been performed, but a variation 
of results has been obtained. The discrep- 
ancy in results has been attributed in some 
extent to epithelial and endothelial damage. 
In a more recent study, after removal of 
the epithelium, endothelium, and Descemet’s 
membrane the swelling pressure of the 
cornea was found to be 865 mm. of water 
and that of the sclera, 325 mm. of water. 
The 325 mm. of water pressure is a value 
close to the colloid osmotic pressure and 
suggests that the scleral tissue is almost in 
equilibrium with the plasma in regard to 
fluid. However, 865 mm. of swelling pres- 
sure of the cornea greatly exceeds that of 
plasma, which suggests that transport of 
fluid from the cornea would require either 
a secretory or osmotic mechanism.!! 

Corneal swelling has been observed fol- 
lowing cessation of metabolic activity, such 
as occurs after death. When metabolic 
activity has been inhibited under laboratory 
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control, similar swelling has been noted, 
and when the metabolism has been reacti- 
vated a return toward the normal state has 
occurred. This has been best demonstrated 
by a temperature-reversal technique. By this 
method, when the intact eye has been ex- 
posed for a given period of time to a 
markedly reduced temperature corneal swell- 
ing occurs. Such swelling apparently begins 
when the temperature is reduced to 15 C 
or less. When the same eye is then incu- 
bated at a warm temperature, ranging from 
31 to 37 C, a reversal occurs and both water 
and electrolytes are driven out of the 
cornea.!?18 Jt appears that if metabolic 
activity is inhibited by reduction of tempera- 
ture efflux of fluid from the cornea is re- 
duced and the balance favors hydration. If 
the temperature is elevated toward normal, 
metabolic activity is resumed and fluid is 
again driven out of the cornea. When 
corneas are exposed to metabolic poisons a 
similar hydration is also observed.* If iodo- 
acetic acid is injected into the anterior 
chamber, hydration of the cornea occurs in 
a manner similar to that resulting from 
refrigeration. However, during incubation 
at 37 C the reversal effect (loss of fluid) 
noted in normal corneas does not occur.'® 
A similar effect was noted in alterations in 
oxygen utilization by the cornea. If the 
cornea is maintained in an atmosphere of 
pure moist nitrogen, a markedly increased 
hydration eventually takes place. Corneal 
swelling induced by cooling will not be 
reversed in the absence of oxygen, in con- 
trast to recovery within two to five hours 
under aerobic conditions.%* These findings 
support the view that an important factor 
in normal hydration of the cornea is an 
active transport mechanism which is a func- 
tion of metabolic activity. Whether water 
or electrolytes or both are actively trans- 
ported is yet to be determined. 

The influence of various tissue planes on 
corneal transparency is of interest. That 
damage to the epithelium or endothelium 
influences the state of corneal hydration has 
frequently been observed both in vivo and in 
vitro. Of the two tissue planes, alterations 
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in corneal hydration are most profound 
following endothelial damage. However, re- 
moval of the epithelium in vivo was followed 
by an increase in corneal thickness to twice 
the normal state. With subsequent regenera- 
tion of the epithelium the cornea assumed 
its normal thickness.*7 Oddly, the peripheral 
epithelium appeared more vital than the 
epithelium over the central portion of the 
cornea, Similar results have been observed 
in vitro with use of the temperature-reversal 
technique.?° When the entire epithelium was 
removed and the cornea was refrigerated, 
a greater degree of hydration was noted than 
in the normal. After incubation at warm 
temperature less elimination of water oc- 
curred. However, little effect was noted 
when the central epithelium alone had been 
removed. On the other hand, when 
peripheral epithelium was removed, leaving 
the central epithelium intact, fluid excretion 
from the cornea was significantly decreased 
on incubation. These findings suggest that 
the peripheral portion of the epithelium plays 
the more significant role. 

The epithelium is the most active meta- 
bolic tissue of the cornea, and logically it 
would be the source of energy for electrolyte 
and water secretion. In addition, the corneal 
epithelium provides an efficient barrier to 
substances in the conjunctival sac. For 
example, corneal permeability to drugs is 
increased following epithelial abrasions. Ap- 
proximately 4 times as much penicillin 
tagged with radioactive sulfur and 70 times 
as much radioactive phosphorus was found 
in abraded eyes as was found in normal 
eyes following instillation of the tracer ions 
in the conjunctival sac. The major role 
of the epithelium in maintaining corneal hy- 
dration appears to be a barrier rather than a 
source of energy for a fluid pump. Paren- 
thetically, it is interesting that the concentra- 
tion of acetylcholine in corneal epithelium 
is exceptionally high.2° Since acetylcholine 
is capable of depolarizing cell membranes, 
the possibility that this substance might 
influence epithelial permeability was investi- 
gated. Drugs known to influence acetylcho- 
line metabolism were placed in corneal 
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tissue, and their effect on impedance of the 
tissue to an alternating current was meas- 
ured. Drugs which normally acted upon the 
acetylcholine system were found to have 
little or no effect on this impedence and, 
by inference, did not alter corneal permeabil- 
ity.24 

Much greater hydration of the cornea fol- 
lows endothelial damage. Several factors, 
or a combination of factors, might account 
for this. The endothelium could be the site 
of the most active secretion of water or 
electrolytes, or it might act simply as a 
tissue barrier. In either situation it could 
be profoundly affected by alterations in the 
intraocular pressure. In vitro studies have 
demonstrated that an increased intraocular 
pressure favors corneal hydration.2* That 
greater corneal hydration follows endothelial 
injury than epithelial injury has been at- 
tributed to the effect of the intraocular 
pressure.”* Clinically, corneal edema and 
bullous keratopathy frequently accompany a 
severe degree of endothelial dystrophy. In 
this pathologic state the endothelial cells 
appear flattened and attenuated, in contrast 
to the usually low rectangular appearance in 
the normal cornea. Also, there is a diminu- 
tion in the number of cells. Corneas with 
pathologically altered endothelium will not 
tolerate as great an intraocular pressure 
without edema as will normal corneas.** 
This might explain the observed clearance of 
some edematous corneas following acetazola- 
mide (Diamox) or other antiglaucoma 
therapy. 

Alterations in pH may affect corneal 
permeability in vitro but apparently only out- 
side a range of 4 to 10 when the corneas are 
exposed to solutions of sodium chloride. Epi- 
thelial permeability was increased when the 
epithelium was exposed to hypotonic solu- 
tions but unaffected by hypertonic solu- 
tions.2> In vitro studies have indicated that 
the swelling behavior in response to pH 
change of dried sclera and cornea varies ap- 
preciably. A marked swelling was noted in 
the sclera at pH 3.5 The swelling was re- 
duced to a minimum as the pH was raised to 
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4.7 and above. The percentage of swelling 
in dried cornea was greater than in sclera at 
pH 3.5, and minimal corneal swelling was 
observed at pH 4.7. In contrast to the sclera, 
however, corneal swelling increased sharply 
after the pH was raised above 4.7. The 
swelling characteristics of both cornea and 
sclera were influenced by salts in the buffer 
solutions used. Increase in the salt concen- 
tration appreciably suppressed the swelling 
of both tissues in the acid range, but at a 
pH of 4.7 and above suppression of swelling 
was maintained only in the case of the 
cornea. The influence of salt on the swelling 
percentage was minimal at the point of 
minimal swelling.?® The percentage of swell- 
ing of the cornea varies with the pH, and at 
the physiological pH the swelling depends 
upon mucopolysaccharides of the cornea 
rather than the collagen fibrils.?7 

Corneal edema observed following intro- 
duction of contact lenses is generally at- 
tributed to anoxia, and this viewpoint is 
substantiated by the absence of edema when 
a constant flow of tears can be maintained 
underneath the contact lens. The hypothesis 
has been presented that the observed corneal 
edema has been due to stimulation of 
corneal nerves, which alters the osmotic 
pressure of the cornea and thereby increases 
the hydration.** There is little evidence to 
substantiate this viewpoint. Apparently oxy- 
gen moves freely in either direction across 
the cornea, and this movement is indepen- 
dent of the epithelial or endothelial layers. 
Although oxygen is capable of diffusing 
from the aqueous to the epithelial surface, 
the concentration in the aqueous is insuf- 
ficient to maintain the metabolic require- 
ments of the epithelium. This deficiency 
must be made up by atmosphere.2® A 
neurogenic influence on the permeability of 
the cornea has been postulated. Enucleated 
globes exposed to such drugs as atropine and 
pilocarpine required approximately eight 
hours for penetration of the drug through 
the cornea, in contrast to only a few seconds 
required for the living cornea, as evidenced 
by the reaction of the iris following instilla- 
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tion. This difference in penetration was 
attributed to the transposition of the drug 
through nervous tissue in the living cornea.*° 
When all nervous connections to rabbit 
corneas were severed, the corneas became 
opaque and ulcerations eventually oc- 
curred.*! However, these observed affects 
may simply be due to alterations of the 
metabolic activity mediated through altered 
nervous function. 

Hyaluronidase and Antihyaluronidase.— 

In an attempt to’demonstrate and measure 
hyaluronidase in corneal tissue a biological 
assay employing encapsulated streptococci 
was used. By this technique no hyaluroni- 
dase activity could be demonstrated in 
homogenates of both normal and injured 
corneas.“ However, when a commercial 
preparation of hyaluronic acid sulfate con- 
taining some antihyaluronidase activity had 
been injected into rabbits’ eyes, a peculiar 
phenomenon occurred. Over a period of 
several weeks a gradual thickening of the 
cornea was observed, accompanied by diffuse 
haziness and localized subepithelial opacities 
in addition to alterations in the lens and 
liquefaction of the vitreous. The diffuse 
haziness was undoubtedly due to an over- 
all increased hydration of corneal stroma, 
but the localized opacities did not appear 
to be related to alterations in fluid content. 
In some instances localized ectasia of the 
cornea occurred, and in others the entire 
cornea increased in size, simulating meg- 
alocornea. Neither the active agent in the 
commercial product responsible for the 
change nor the mechanism of the alterations 
in the corneal stroma was determined. The 
possibility of an inhibition of hyaluronidase 
was not ruled out, but it was considered un- 
likely. 

Lipogenesis.—Normally, free lipid ma- 
terial can be demonstrated in epithelium and 
endothelium of the cornea, and lipoprotein is 
apparently present in Bowman’s membrane, 
Descemet’s membrane, and stroma. The 
lipid content of these tissues increases with 
age, and polysaccharides are probably re- 
placed by lipid.** Apparently all cells of 
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the cornea are capable of lipogenesis. When 
brain substance was injected into the cornea 
lipogenesis was demonstrated in keratocytes 
and possibly in wandering cells which 
entered the cornea from the limbus.** In- 
jections of oleic acid or sodium oleate into 
intact rabbit corneas, into excised corneal 
discs, or directly into an inoculation medium 
containing corneal discs incited lipogenesis 
in all cells of the cornea. This lipogenic 
activity did not appear to vary greatly be- 
tween different cells and occurred in a 
wide pH range. Lipogenesis was abolished 
when the temperature was raised to 62 C 
or by addition of potassium cyanide to the 
incubation medium. In corneas refrigerated 
at from 2 to 5 C lipogenesis was preserved 
for 5 days, after which activity gradually 
diminished and was abolished by 11 days. 
Lipogenesis is not appreciably influenced by 
high doses of irradiation.** 
Neovascularization and Antigen-Antibody 
Reaction.—Pathologic vascularization of 
the cornea is an important factor in corneal 
disease and seriously complicates both med- 
ical and surgical management of many 
corneal problems. Corneal neovasculariza- 
tion has been attributed by some to the re- 
duction of physical resistance to growth of 
new vessels when corneal edema is present 
and by others to the presence of diffusible 
vasogenic factors within the tissue. The 
hypothesis has also been made that vas- 
cularization may occur following enzymatic 
hydrolysis of mucopolysaccharides of the 
ground substance. An investigation of this 
latter hypothesis was made by subjecting 
rabbit eyes to sodium hydroxide and sulfuric 
acid burns in vivo. The burned eyes were 
then treated with repeated injections of 
purified preparations of corneal mucopoly- 
saccharides and compared with controls. No 
significant difference was found between the 
treated and control eyes over a period of 
four weeks, from which it was concluded 
that an antivascularization property of com- 
ponent mucopolysaccharides of the cornea 
was not demonstrated.*7 A causal rela- 
tionship between the antigen-antibody re- 
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action and the pathogenesis of corneal 
scarring and neovasculariza- 
tion has been considered for many years. 
The possibility that late corneal clouding 
in keratoplasty may be due to an antigen- 
antibody reaction has added interest to the 
problem. It appears that at least three basic 
types of reaction may occur, two of which 
are manifested only when vascularization of 
the cornea has previously existed. The 
Arthus reaction is a specific antigen-anti- 
body reaction characterized by localized 
necrosis and slough of skin following re- 
_ peated injections of antigen. Although this 
type of reaction has been readily produced 
in conjunctiva and vitreous, no typical re- 
sponse could be elicited in clear corneas.** 
The Shwartzman phenomenon is a non- 
specific localized necrotic inflammatory re- 
action elicited by first injecting a bacterial 
filtrate into the skin, followed in 24 hours 
by intravenous injection of a filtrate of un- 
related bacteria. The filtrates do not neces- 
sarily have to be bacteria but may be 
obtained from a variety of substances.*® 
This reaction was elicited in the cornea in 
the following study. A partial vasculariza- 
tion of the cornea was obtained following 
injection of alloxan into the anterior cham- 
ber. A filtered broth culture of typhoid 
bacilli was then injected into the central, 
avascular portion of the cornea, from which 
a portion diffused into a sector of the 
vascularized area. The following day an 
intravenous injection of the same filtrate was 
given and within four hours hemorrhages 
appeared in the vascularized sector. No 
changes were noted in the nonvascularized 
cornea. Microscopic sections of the in- 
volved area demonstrated histologic changes 
typical of the Shwartzman phenomenon, in- 
cluding marked thrombi, occlusion of the 
capillaries, extravasation of red cells, and 
infiltration of corneal tissue by polymorpho- 
nuclear leukocytes.*° 


The precipitation phenomenon is an anti- 
gen-antibody reaction that can be demon- 
strated in the avascular cornea and is 
characterized by linear opacity at the zone 
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of contact of antigen and antibody. This 
reaction was elicited following injections of 
antigen in one part of a clear cornea and 
injection of antibody several millimeters 
away. Diffusion of these two substances 
in the corneal stroma created opaque streaks 
at their zone of contact, halfway between 
the sites of the intracorneal injection. Histo- 
logically these streaks were composed of 
leukocytic infiltrations, which gradually dis- 
appeared, leaving no opacity.*! Apparently 
an antigen-antibody reaction can contribute 
to further corneal scarring only after neo- 
vascularization has taken place. 

The above reactions differ from the tuber- 
culin reaction in the tuberculin-sensitive 
guinea pig. Injection of tuberculin into the 
cornea of a tuberculin-sensitized rabbit is 
followed by typical clouding and thickening 
of collagen bundles, corneal edema, and in- 
filtration with white blood cells. This occurs 
independently of corneal vascularization. In 
contrast to the Arthus and Shwartzman re- 
actions, the tuberculin response is thought to 
be due to a specific sensitivity of corneal 
cells to tuberculin protein. However, when 
sensitized epithelial cells cultured from the 
corneas of tuberculous guinea pigs were ex- 
posed to tuberculin no appreciable inhibition 
in growth of the cells was noted in compari- 
son to controls. It was concluded that if a 
specific cytotoxic effect of tuberculin on 
corneal cells does exist it must have its 
effect elsewhere than the corneal epithe- 
lium.4? In general, the above observations 
are in agreement with those made in 
previous years. 

Corneal Sensibility—-The extent of 
corneal sensibility has been a subject of de- 
bate since von Frey’s first experiments in 
1894. Opinions have differed principally 
concerning the existence of touch, cold, and 
warmth. In more recent years evidence has 
accumulated substantiating that the sensation 
of touch does exist. Apparently earlier 
experiments had failed to elicit this sensation 
because stimulation had been too intense. 
Von Frey originally relied upon strands of 
hair of various lengths and diameters to 
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elicit touch and pain. An instrument has 
been designed which allows substitution of 
a nylon thread in place of less delicate hair. 
This thread may be set at various lengths 
ranging from 5 to 55 mm, and is 0.11 mm. 
in diameter. Another device permits using 
nylon thread of various diameters. Stimula- 
tion of the cornea with these nylon threads 
elicits distinctive sensations of touch and 
pain. The type of sensation noted is directly 
related to the intensity of stimulation.** At 
the present time, greatest controversy 
centers around the sensations of heat and 
cold. Heat sensation was reported following 
brief contact with a heated copper cylinder, 
with infrared heat, and with a fine jet 
stream of warmed air. In a similar manner, 
the sensation of cold was evoked by a 
solid copper cylinder at a temperature 1 
degree lower than that of the surface of 
the cornea and by jets of cool air. Reduced 
corneal sensitivity to pain has been noted 
in a variety of pathologic states, including 
perforating ulcers, chemical injury, disci- 
form keratitis, hypopyon, dendritic keratitis, 
herpes zoster, cystinosis, and some heredi- 
tary degenerations of the cornea. In glau- 
coma sensitivity is reduced with increase in 
pressure. Lower corneal sensitivity has 
also been noted following instillation of 
various drugs, including physostigmine 
(eserine), dionin, and carbachol.*® 


Pathology 


Anomalies.—When the corneal diameter 
exceeds 12.5 mm. to 13 mm. it may be con- 
sidered pathologically enlarged, and if the 
eye is free of other degenerative changes this 
enlargement should be termed macrocornea 
to distinguish it from a more serious prob- 
lem, megalocornea.** Megalocornea must 
also be distinguished from buphthalmos or 
hydrophthalmos, with which it can easily 
be confused. Megalocornea is a hereditary 
anomaly usually confined to the male sex. 
It is almost always bilateral and develops 
despite normal ocular tension. Other ocular 
findings include a deep anterior chamber, 
iridodonesis, atrophy of the iris stroma, and 
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miosis due to atrophy of the dilator muscle. 
In addition, embryotoxon, gerontoxon, sub- 
luxated lens, and Krukenberg’s spindle may 
be present. A commonly acquired complica- 
tion is cataract.47 Surgical extractions of 
these cataracts have been generally thought 
to carry a poor prognosis, but this attitude 
may be unwarranted. Intracapsular extrac- 
tions have been strongly advocated for this 
complication.** 

Posterior conical cornea may occur as a 
localized form (keratoconus, posticus cir- 
cumscriptus) or may involve the entire 
cornea (keratoconus, posticus totallis). The 
anterior surface of the cornea is normal. 
In contrast to keratoconus, this disease oc- 
curs either as a congenital anomaly or as a 
familial defect.4® However, traumatic 
posterior conical cornea has been reported.© 
Anomalous ectopic lacrimal gland, epithelial 
inclusion cysts of the limbus, and congenital 
pterygium have been 

Virus Infection.—In opthalmology as well 
as in related fields interest in viral infections 
has greatly increased in recent years. This 
interest has undoubtedly gained impetus 
from (1) the electron microscope, which has 
contributed materially to knowledge of the 
life cycle of the virus; (2) better cultural 
methods for study (particularly tissue cell 
culture), and (3), possibly, the fact that 
these living organisms represent one of the 
last large groups of microscopic life still re- 
sistant to definitive chemotherapy. The fol- 
lowing is a summation of recent reports 


concerning the general knowledge of the 
nature of viruses. 


For practical purposes, viruses may be 
classified as large and small. The large are 
structurally much more complex and have 
an active metabolism which is absent in the 
small virus. This group represented by the 
lymphogranuloma and psittacosis virus and 
in ophthalmology by the trachoma virus, 
may measure as much as 4000 times 
the size of the poliomyelitis virus. Small 
bacteria are approximately 20,000 times as 
large. The metabolic activity demonstrated 
by this group may be of therapeutic im- 
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portance, since only viruses of the large 
group respond to sulfonamides and anti- 
biotics. Chemotherapeutic agents for this 
large group may be effective by inhibiting or 
interfering with metabolism in a manner 
similar to their action against bacteria. By 
contrast, small viruses exhibit no metabolic 
activity and to date are immune to all forms 
of chemotherapy. 


The small viruses appear to consist simply 
of a protein capsule surrounding either ribo- 
nucleic acid or deoxyribonucleic acid. From 
studies of cell cultures, these viruses appear 
to penetrate the host cell and lodge in the 
nucleus. Having penetrated the host cell, 
the virus disappears for a period of hours 
(eclipse phase), and during the eclipse phase 
the virus nucleic acid apparently becomes 
separated from its protein capsule. The 
virus nucleic acid then proceeds to multiply 
at the expense of the host cell, and both the 
energy and the material necessary for the 
multiplication is provided by the cell rather 
than by the virus. When the viral nuclear 
synthesis is complete, the nucleic acid frac- 
tion is provided with a protein capsule, after 
which the new virus is released from the 
host. In this process the host cell is either 
severely damaged or killed. The length of 
the life cycle within the cell apparently varies 
with the type of virus. With vaccinia virus 
cellular changes do not appear until ap- 
proximately 18 hours after absorption, at 
which time cytoplasmic retraction and sepa- 
ration of adjacent cells becomes apparent. 
At 24 hours small foci of degeneration be- 
come evident within the cell. 

During reproduction mutation can occur 
by accidental rearrangement or structural 
alteration of the nucleic acid fraction. The 
mutants exhibit different properties and, 
while antigenic, may be nontoxic, and they 
may thrive better in cultural media than the 
adult virus. Advantage may be taken of 
this property to make a vaccine that will 
stimulate an antibody reaction without be- 
ing toxic to the host. The immunizing effect 
of antibodies produced by the host on these 
viruses is not dependent upon the existence 
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of an active viral metabolic activity. Nor do 
these antibodies destroy the virus invader, 
but rather they act in some manner to inhibit 
the cellular penetration of virus and thus 
prevent further multiplication. Viral affinity 
for different cell cultures varies in a manner 
similar to bacterial affinity for culture media. 
Herpes virus, for example, has the greatest 
affinity for cells of a rabbit, in contrast to 
another virus that may grow best on cells 
obtained from monkey. Advantage can be 
taken of this property to isolate and identify 
these organisms.54°* 

The trachoma virus belongs to the large 
group, and this virus apparently is most 
prone to invade the superficial layer of the 
conjunctival epithelium. The virus invades 
and develops in the cytoplasm of the cell, 
and the inclusion cavity sometimes occupies 
almost the entire space of the cytoplasm, 
displacing the nucleus to one side. The in- 
clusion appears to consist of granules which 
are either round or elliptical, and these 
granules are often arranged in pairs, sug- 
gesting multiplication by binary fission. This 
type of multiplication would indicate that 
energy for the process must originate from 
the virus itself rather than from the cell, 
in contrast to the small virus.5*.57 

Adenovirus—Adenoidal, Pharyngeal, Con- 
junctival (APC Viruses): APC viruses 
are an important and widespread cause of 
upper respiratory disease in adults and chil- 
dren. The virus was first identified in 1953. 
Since then, it has been frequently reported 
from Europe, Asia, and the North American 
continent. To date at least 18 serologic types 
have been identified, of which Types 3, 7, 
and 8 are important to opthalmology because 
of their ability to produce keratoconjuncti- 
vitis. In culture fluids the viruses measure 
80 to 100 my» in diameter, and they grow 
well in cell cultures. Because they are potent 
antigens, identification of the disease is 
easily made through complement-fixation 
and neutralizing methods.*! 

The ocular involvement may range from 
a simple transient mild conjunctivitis to a 
severe keratoconjunctivitis with consequent 
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corneal opacities and diminution of vision. 
The corneal lesions appear as epithelial 
erosions and stain with fluorescein. They 
become apparent between the 8th and 10th 
days after onset of the disease, and, while at 
first superficial, the epithelial erosions may 
be followed by stromal reaction.*** Corneal 
opacities are stated to fade sooner than those 
occurring in classical epidemic keratocon- 
junctivitis.“* However, several epidemics 
originially reported as keratoconjunctivitis 
have since been identified as due to the 
adenovirus.***8 The disease is not trans- 
missible to laboratory animals, and present 
evidence indicates that humans constitute the 
chief reservoir of infection.® It occurs in 
epidemic outbreaks and has been traced to 
swimming pools in summer epidemics. One 
portal of entry may be through the con- 
junctival sac, as demonstrated experi- 
mentally.7° An acute follicular conjunctivitis 
with preauricular adenopathy followed in- 
oculation of the conjunctival sac of five 
human volunteers with Type 8. In three of 
the five given inoculations, subepithelial 
punctate keratitis, typical of epidemic kera- 
toconjunctivitis, appeared one week after 
onset.7! 

Treatment remains symptomatic, but an 
effective vaccine has been developed for 
prophylaxis against the respiratory type. The 
vaccine apparently becomes effective within 
a week following inoculation, and the anti- 
body levels obtained are as great as the 
levels following natural infection. The dura- 
tion of immunity has not been deter- 
mined.72.78 

Epidemic Keratoconjunctivitis: Epidemic 
keratoconjunctivitis (EKC) was first recog- 
nized on the West Coast in 1941 and then 
rapidly appeared in epidemic form in 
various parts of the country.™* Since then, 
its distribution has become world wide, and 
reports of epidemics continue to appear from 
Europe and Asia.7*** The causal agent was 
first thought to have been isolated in 1942. 
This agent was later found to be related to 
the St. Louis encephalitis virus. It is now 
doubtful that the virus isolated was the etio- 


288 


A. M. A. ARCHIVES OF OPHTHALMOLOGY 


logic agent responsible for EKC.*® As yet, 
no specific virus has been isolated, but the 
marked clinical similarity of this disease 
to the keratoconjunctivitis produced by APC 
virus Type 8 suggests a possible common 
etiology.*!:*? 

Herpes Simplex: A peculiar type of viral 
giant cell has been found in the epithelial 
scrapings from vesicles of herpes simplex, 
varicella, and herpes zoster. Since varicella 
and herpes zoster are clinically distinguish- 
able from herpes simplex, the finding of 
these giant cells in scrapings of corneal 
epithelium in doubtful lesions would be 
strongly indicative of herpes simplex infec- 
tion. Scrapings of 50 cases of herpetic 
keratitis have demonstrated these giant cells 
regularly in the deep form of the disease. 
These giant cells were not found in other 
superficial ulcers or recurrent erosions.** 
The recurrent manifestations of herpes 
simplex would appear to indicate that this 
virus lacks antigenic properties. An attempt 
to immunize rabbits against herpes simplex 
keratitis by both active and passive im- 
munization was unsuccessful.8* This im- 
munization was attempted by local treatment 
of the eye with herpes immune serum and by 
vaccination with formalized and live herpes 
virus. However, in the same experiment 
the vaccination did immunize the animals 
against herpes encephalomyelitis when the 
virus was administered by the intravenous 
route. This led to the conclusion that the 
virus is antigenic but that corneal infections 
are not affected because of being physically 
isolated from humeral antibodies by absence 
of corneal vascularization. Consequently, 
neutralization of the organism cannot be 
effected.“ 

Trachoma: Trachoma continues to be the 
virus corneal disease of greatest world-wide 
distribution. However, herpes keratitis is 
the most important corneal disease leading 
to loss of vision in the United States.*® 
Currently, interest in trachoma has been 
concerned mostly with the results of mass 
treatments, prophylaxis, and early diagnosis. 
As yet, no specific laboratory diagnosis of 
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trachoma is available. Trachoma virus 
cultured in chick embryo gave a positive 
complement-fixation test with blood serum 
obtained from patients with advanced and 
complicated trachoma, but these findings 
were not demonstrable in early trachoma.® 
Tears obtained from patients with acute 
trachoma demonstrated antiheparin effect 
upon blood by hastening blood coagulation. 
This observed effect upon blood coagulation 
may be of diagnostic value in cases of acute 
trachoma.** Paul Bunnell’s hemagglutina- 
tion tests were positive in 83.7% of cases of 
trachoma when performed on 129 patients 
with trachoma and were found to be negative 
in 77% of the controls. This test may be of 
significant value in questionable cases of 
trachoma.** 


In heavily infected areas it is often diffi- 
cult to assess the effectiveness of thera- 
peutic agents, since recurrence may be due 
to flare-ups of suppressed activity or rein- 
fection.*® Assessment of treatment is made 
more difficult because of the possible effect 
of immunity acquired during the active 


phase of the disease. If an acquired im- 
munity is reasonably high, reinfection would 
not seem likely within a short time after 


treatment. Neutralizing antibody to the 
trachoma virus has been demonstrated in the 
serum of rabbits following conjunctival in- 
stillation and subconjunctival injection of 
trachoma virus.®° However, in humans the 
immunity acquired is apparently not very 
high. Four human volunteers infected with 
trachoma and then cured by antibiotics were 
reinfected repeatedly. Acquired immunity 
was graded by the number of inclusion 
bodies found in the epithelial cells following 
infection. As the number of repeated in- 
fections increased there was a corresponding 
decrease in the number of inclusion bodies 
found. Finally the disease became very 
mild, but at no time was a sufficient im- 


munity established to prevent reinfection.®! 

Keratitis (Nonspecific)—A persistent 
keratitis that is resistant to medical therapy 
may occur from keratinization of the tarsal 
conjunctivae. Keratinization may occur 
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from conjunctival exposure, chronic ir- 
ritations, hyperplasia of the epithelium 
from tumors or scarring, and vitamin A 
deficiency. In most instances relief is not 
obtained until the keratinized epithelium is 
removed. If extensive surgical excision is 
required a mucous membrane graft may be 
necessary.®* Filamentary keratitis is gen- 
erally associated with keratitis sicca, but 
it can occur despite normal function of the 
lacrimal gland.** The exfoliated tags of 
tissue on the corneal surface in filamentary 
keratitis may not be of epithelial origin as 
has been generally considered. Microscopic 
sections of biopsy material removed from 
the corneal surface of two women suffering 
from filamentary keratitis demonstrated al- 
terations in the superficial stromal lamellae 
underlying Bowman’s membrane. The 
author postulated that first the lamellae be- 
came gellatinoid and traversed Bowman’s 
membrane and epithelium to the surface. 
Superficial epithelial cells were simply in- 
cluded in the homogenate as it penetrated 
through the epithelium.™ 

Isolated reports of mycotic infections of 
the cornea continue to appear.®®* Evidence 
has been presented previously that a possible 
relationship may exist between steroid and 
antibiotic therapy and an increased incidence 
of mycotic corneal infections. When corti- 
sone was applied to traumatized rabbit 
corneas in the presence of potentially patho- 
genic fungi, an 80% incidence of fungus 
keratitis developed, in contrast to 20% in 
a control group. Neither topical tetracycline 
nor chlortetracycline potentiated Aspergillus 
infection. However, Candida albicans was 
greatly potentiated by oxytetracycline given 
intrastromally.** 


Moderately severe keratitis has followed 
exposure to maleic anhydride fumes and 
from contact with oily fluids when herring 
were being Severe keratitis 
was observed in three persons after large 
oral doses of potassium iodide. The keratitis 
was characterized by increased corneal haze 
and epithelial staining on exposure to fluo- 
rescein, The process subsided when the drug 
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was discontinued.’ Several commonly 
used detergents were not as irritating as soap 
when rabbit eyes were exposed to them. Five 
per cent solutions of various detergents and 
soap in mineral oil were instilled in rabbit 
eyes, and the results were compared to those 
in controls. The detergent-treated eyes 
compared favorably with the controls, and 
there was appreciably less inflammation than 
in the eyes exposed to solutions of soap 
flakes. In all cases the effects were transi- 
tory and recovery was complete when dosing 
was terminated.’ 
Degenerations—Band-Shaped Keratop- 
athy: In most texts band-shaped keratop- 
athy (band keratitis) is considered a 
secondary manifestation of a localized ocular 
disease such as iridocyclitis, absolute glau- 
coma, phthisis bulbi, and other ocular degen- 
erations. This disturbance is particularly 
prevalent in children with iridocyclitis as- 
sociated with rheumatoid arthritis (Still’s 
disease). Its pathogenesis is not understood 
but is thought to be related to disturbance 
in corneal metabolism. However, this dis- 
turbance has been observed when no other 
local ocular disease was evident. In one 
instance bilateral involvement was noted in 
a person with localized ichthyosis. Initially 
improvement followed vitamin A therapy, 
but subsequently the disease progressed. 
This progression was related to exacerba- 
tion of the skin disorder. In another 
instance band keratopathy was related to 
chronic alkalosis without an associated hy- 
percalcemia. Following onset of the corneal 
disturbance an open-angle glaucoma was 
noted.° In a third person band keratop- 
athy was noted with chronic idiopathic 
hypercalcemia. In this instance the distur- 
bance was related to abnormal metabolism of 
vitamin D. The author reported 15 additional 
cases related to vitamin D overdosage. 
Finally, an entity described as band-shaped 
nodular dystrophy of barren tropical lands 
has been described. In several respects this 
disease simulates band-shaped keratitis, and 
it is prevalent in Eritrea, Italian Somaliland, 
Saudi Arabia, and countries of similar cli- 
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matic conditions. Its development was 
attributed to the peculiarities of the atmos- 
phere in these areas.1% 

Probably primary and secondary forms of 
band keratitis exist. The primary form is 
unrelated to other localized ocular disease 
and is the less common of the two. The 
secondary form is most often related to 
iridocyclitis, and the incidence is sufficiently 
high to warrant an exhaustive search for 
evidence of iridocyclitis or rheumatoid 
arthritis when it is found.’ In both the 
primary and secondary types genesis of the 
disease may be due to an alteration in 
the innervation of the cornea. Histologic sec- 
tions of the involved cornea demonstrated 
hypertrophy of the nerve trunks and in- 
numerable newly formed nerve fibers. The 
new fibers were not supplied with a sheath of 
Schwann. This overgrowth and aberrant 
innervation may pathologically modify 
corneal metabolism. Similar alterations were 
noted in Groenouw’s dystrophy.’ 

Keratoconus: A study of the morphologic 
changes of 65 corneal discs obtained from 
eyes with keratoconus indicated that the 
first pathologic alterations were initiated in 
the anterior layers of the cornea. The 
earliest changes probably take place in the 
basement membrane of the epithelium and 
Bowman’s membrane. In the basement 
membrane this is first manifested by frag- 
mentation and ultimately followed by com- 
plete destruction. When examined by the 
electron microscope, Bowman’s membrane 
normally presents fine fibrillar structure in- 
stead of the homogeneous appearance seen 
under the ordinary light microscope. Early 
in keratoconus these fibrils undergo swelling 
and fibrillation, and this fibrillar degenera- 
tion later becomes manifest in the super- 
ficial stroma. As degeneration progresses 
dehiscences appear in Bowman’s membrane 
which are bridged with epithelium or fibrous 
connective tissue. These dehiscences are 
most evident at the site of perforating 
corneal nerves. The authors postulated that, 
with progressive weakening of the central 
stroma, ectasia begins because of intraocular 
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pressure and that when the ectasia is suf- 
ficiently marked Descemet’s membrane may 
spontaneously rupture. Since keratoconus 
begins during puberty, the suggestion was 
advanced that its onset was related to a 
disorder of the autonomic nervous system 1 
or to an insufficiency of gonadotropic 
hormones.'?° An improvement was noted 
in two cases of early incipient keratoconus 
following treatment with this hormone. 
Partial penetrating keratoplasty remains the 
treatment of choice for advanced kerato- 
conus, with emphasis on the larger size of 
graft.14-12, However, beneficial effects can 
be obtained by promoting shrinkage of the 
tissues with cauterization by use of hyper- 
tonic 

Kayser-Fleischer Ring: The Kayser- 
Fleischer ring is a peculiar pigmented ring 
situated in the peripheral zone of the cornea 
and is associated with hepatolenticular de- 
generation (Wilson’s disease). The compo- 
sition and exact histologic location of this 
ring has been sporadically investigated for 
many years. From recent investigations, 


it is apparent that the ring is due to a 
metallic deposit in the peripheral zone of 
Descemet’s membrane, measuring not more 
than 2 mm. in width. Spectrographic studies 
indicated that the deposit was silver,4* but 
ruberythric (rubeanic) acid stains were 


strongly positive for copper.'6™7 The 
weight of evidence appears to favor copper. 

Bowen’s Disease: Bowen’s disease (intra- 
epithelial epithelioma) of the cornea and 
conjunctiva may be considered a cancerous 
or precancerous epithelial degeneration con- 
fined within the epithelium, without ex- 
tension into the adjacent substrate. When 
the lesion extends beyond the confines of 
the basement membrane it may be considered 
squamous-cell carcinoma (epithelioma). In 
the early transition to squamous-cell carci- 
noma confusion obviously may occur con- 
cerning the specific nature of a given lesion. 
Consequently, it is difficult to assess con- 
clusions drawn regarding this tumor from 
isolated reports of cases. In a most compre- 
hensive study of 18 cases, several of which 
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had been followed for a number of years, 
three developed squamous-cell carcinoma in- 
volving contiguous tissues. The average age 
incidence was 63 years, with an equal distri- 
bution between men and women. Ten were 
successfully treated by simple excision.™* 
When the lesion is confined to the cornea 
and conjunctiva, local excision is advo- 
cated.14%-120 However, when the lesion is 
extensive enucleation is considered prefer- 
able.24_ Fractionated doses of irradiation 
have been reported as successful.??” 
Systemic Disease.—Keratitis, kerato- 
conjunctivitis sicca, and corneal ulcers may 
occur with a wide variety of connective tis- 
sue diseases (collagen diseases), and the 
pathogenesis of these disturbances may be 
similar to the keratoconjunctivitis sicca of 
Sjogren’s disease. These keratopathies are 
most commonly associated with polyarthritis 
and less so with disseminated lupus erythem- 
atosus, polyarteritis nodosa, and Boeck’s 
While cataract is the 
commonest ocular complication of sclero- 
derma, a keratitis associated with circum- 
scribed scleroderma has been reported." 
An unusual association is keratoconjuncti- 
vitis and atopic dermatitis.1** Although rare, 
the entity apparently exists and consists of 
a bilateral keratoconjunctivitis with remis- 
sions and exacerbations concomitant with 
relapses in the skin disorder. The con- 
junctivae are involved first, but eventually 
superficial involvement of the cornea de- 
velops. The corneal disease may progress 
to the point where keratoplasty is indicated. 
The Riley-Day syndrome appears in early 
infancy and is characterized by retarded 
development, low weight gain, difficulty in 
swallowing, and frequent bouts of respira- 
tory infection or aspiration pneumonia with 
exaggerated febrile responses. The infant is 
subject to dehydration and may perspire and 
drool excessively but fails to produce tears. 
The disease is limited to children of Jewish 
extraction. The ocular abnormalities con- 
sist of corneal hypesthesia or anesthesia 
which predisposes the cornea to ulceration, 
keratitis, or keratomalacia. Of 19 patients 
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presenting this syndrome, 10 demonstrated 
corneal pathology. Treatment is essentially 

Ocular complications are not generally 
associated with progeria. This disease be- 
comes manifest in children and is character- 
ized by infantilism, premature senility, 
dwarfism, scanty hair growth, and thin 
atrophic skin. The lower portion of the 
face is disproportionately small and atrophic, 
giving a hydrocephalic appearance. The 
ocular complications may consist of an arcu- 


ate cornea, microcornea, and microphthal- 
mos.135 


Surgery 

Wound Healing.—The first three or four 
days following a corneal wound are often 
referred to as a “lag phase” because of the 
absence of connective tissue proliferation. 
However, during this period a dynamic tis- 
sue reactivity to injury is taking place, and 
the term “lag phase” is probably a mis- 
nomer. The ground substance is a most im- 
portant factor in healing during this “lag 
phase,” and healing is closely related to 
secretion of complex mucopolysaccharides, 
probably produced by mast cells or connec- 
tive-tissue cells, and a protein component, 
secreted by fibroblasts. The mucopolysac- 
charide content of the ground substance 
has been found to increase greatly during the 
early stages of repair and reaches its peak 
about the fifth or sixth day, at which time 
chemical and histologic evidence of collagen 
fibers first appears. As collagen forms the 
hexosamine content of the wound decreases 
steadily, and the tensile strength of the 
wound increases with progressive increase 
in collagen.'** The first detectable cellular 
changes following injury are the appearance 
of inflammatory cells in the wound area. 
These inflammatory cells are thought to be 
attracted to the wound area by liberation of 
chemotactic substance from the injured cells. 
The substance released may be a polypep- 
tide. In experimental animals the poly- 
morphonuclear leukocytic response began 
during the 5th hour and continued to in- 
crease until 24 to 36 hours after injury and 
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gradually returned to normal in approxi- 
mately 6 days. The polymorphonuclear in- 
vasion appeared to follow an activation of 
a proteolytic enzyme or enzymes in the 
injured corneal tissue.4*7 Of the inflam- 
matory cells attracted to a wound site, some 
apparently originate by metaplasia of the 
fixed cells of the corneal stroma.'**1*! 
Endothelial regeneration during wound 
healing is slower but apparently parallels 
epithelial regeneration. The cells adjacent to 
the defect extend toward it by direct migra- 
tion, and both mitotic and amitotic cell di- 
vision become active. Mitotic division is 
greatest during the 24- to 36-hour period 
and disappears after 5 days. Amitosis is 
present after more than two weeks. Most 
denuded areas are covered after four 
days.'*? Epithelium rapidly covers a denuded 
area by sliding along the edges of the 
wound and filling up the defect. Mitotic 
proliferation also occurs. Epithelium lying 
between two stromal surfaces is gradually 
displaced by bridging of keratoblasts.'** 


A variety of factors influence wound 


healing, of which local anesthetics, oint- . 


ments, antiseptics, and steroids have an in- 
hibitory effect.4* The inhibitory effect of 
cortisone upon wound healing may be open to 
dispute. On measuring the quantity of force 
required to separate wound edges at varying 
periods of time in cortisone-treated and con- 
trol animals, no significant difference in 
tensile strength of corneal wounds was 
noted.**° The influence of a variety of 
topical anesthetics on the regenerative 
powers of injured corneal epithelium has 
been noted. Corneal epithelial injury was 
produced with a 30-gauge needle, and 1 
drop of each topical anesthetic was instilled 
in the eye at 15-minute intervals for a 
period of 3 hours. The injured areas were 
then examined under a microscope and com- 
pared with controls. After application of 
these topical anesthetics no healing was 
noted: naepaine (Amylsine) hydrochloride, 
butacaine (Butyn) sulfate, cocaine, benoxi- 
nate (Dorsacaine) hydrochloride, phena- 
caine (Holocaine) hydrochloride, a 
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preparation containing 2-dimethylamino- 
ethyl-3-amino-4-propoxy-benzoate hydro- 
chloride and chlorobutanol (Ophthaine), 
and dibucaine (Nupercaine) hydrochloride. 
Delayed healing was noted with tetracaine 
(Pontocaine), and normal healing occurred 
with eyes treated with lidocaine (Xylocaine ) 
and piperocaine (Metycaine).** Aqueous 
humor may have some inhibitory effect 
upon corneal regeneration and, partic- 
ularly, endothelial regeneration. A compari- 
son of tissue cultures of fibroblasts and 
rabbit irides to which aqueous humor was 
added to one indicated a definite inhibition 
of growth in the treated cultures. This 
might account for the slower regeneration 
of endothelium versus epithelium and the 
greater delay in closure and healing of the 
posterior corneal surface in comparison with 
the anterior surface.’** 

Surgical Repair—When a cornea has 
been incised, an immediate retraction of 
Bowman’s and Descemet’s membranes oc- 
curs, with a consequent gaping of the wound 
at its surfaces. This effect is accentuated 
by development of stromal edema within 
a matter of hours. If the wound edges are 
in approximation, coaptation appears most 
firm at the midstromal level. However, in 
experimental corneal incision fibrin appeared 
in the wound area within a few minutes 
after injury, in contrast to the delayed 
development of corneal edema. When the 
experimental animal was heparinized the 
formation of fibrin at the wound site was 
blocked and this was followed by a delay 
in the wound seal. From these observations 
it appeared that the most important factor 
in early wound closure is the presence of 
fibrin rather than swelling of the wound 
edges as is commonly accepted.'* 

The choice and method of installation 
of sutures may appreciably influence corneal 
wound closure. From observations on ex- 
perimental animals, sutures are most effec- 
tive when used to reinforce tissues already 
properly aligned and not when forced to 
close gaping incisions. Nor should the 
sutures be stronger than the tensile strength 
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of the tissue through which they are placed. 
Suture materials incite excessive foreign- 
body reaction when they are too large and 
devitalize the tissue. The principal disad- 
vantage of silk sutures is a rapid down- 
growth of epithelium along the suture 
tract. The tracts become completely lined 
within 48 hours, and this is followed by an 
undesirable stromal necrosis beginning at 
about the 9th day. When surgical gut 
sutures are used there is neither an epithe- 
lialization along the wound tract nor 
delayed stromal necrosis. However, non- 
chromic surgical gut stimulates an early 
polymorphonuclear reaction, and fragmenta- 
tion of the gut begins by the third post- 
operative day, resulting in a lack of wound 
support at a time when fibroblastic prolifera- 
tion across the wound surface has not yet 
been established. Polymorphonuclear reac- 
tion to mild chromic gut does not occur 
until about 72 hours after the insertion 
of the suture, and fragmentation of the 
suture does not begin until the end of the 
first postoperative week, when connective 
bridging is already evident.1*14° 
Keratoplasty—tThere is continued effort 
to devise a method for prolonged storage of 
viable donor corneas by which they will be 
transportable without requiring complex 
equipment and handling. To date, various 
methods of quick and slow freezing, dessica- 
tion, lyophilizing, and storage in glycerin 
solutions have been tested. Of the various 
methods used, storage in glycerin and pos- 
sibly liquid paraffin offer the most merit. 
Viability studies utilizing S** uptake as the 
index of stromal metabolic activity indicated 
that preservation in a moist chamber or in a 
liquid paraffin at refrigerator temperature 
was superior to other methods. Storage at 
subzero temperature apparently severely im- 
paired metabolism of the corneal stroma 
even after pretreatment with glycerin solu- 
tion. Complete dehydration in glycerin also 
reduces stromal respiration and S** up- 
take.° However, from corneas stored in 
95% glycerin from which water had been 
removed in a vacuum and then hermetically 
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sealed and stored at room temperature lamel- 
lar transplants have been successfully per- 
formed in both animal and human eyes. 
These grafts were considered equal to those 
obtained from fresh donor material. One 
attempt at penetrating keratoplasty with use 
of materials stored by this method was un- 
successful. That corneas could be shipped 
in tubes protected only against breakage, 
without consideration of temperature, is an 
advantage of this method of storage over 
the freeze method."*! A test of viability in 
stored corneas by tissue culture indicated 
that viability was retained for the greatest 
length of time in corneas frozen by slow 
method and stored at —79 C in 15% 
glycerin and saline. These corneas appeared 
viable at the end of three months of storage. 
Corneas stored in liquid paraffin at 4 C 
maintained viability up to 33 days, and when 
they were stored at 4 C in isotonic saline 
viability was maintained to 22 days. Corneas 
frozen by quick method of freezing and 
stored at —79 C in 15% glycerin and saline 
were not viable after one and one-half hours. 
Corneas frozen by a slower method and 
stored at —20 and —30 C were not viable 
after six and three days, respectively.’ 
Rabbit corneas pretreated with glycerin, 
frozen slowly, and stored at low tempera- 
tures up to a period of seven months fared 
better than fresh corneas following inter- 
lamellar transplantation. Ninety-one per 
cent of the frozen tissue remained trans- 
parent, in comparison with eighty per cent 
of the fresh tissue. This difference was 
thought to be due to a reduced antigenicity 
of the frozen material.** The pH of glyc- 
erin solution in saline was found to be 
toxic to endothelium in a range to 5 to 8.5. 
However, the endothelium tolerated a pH of 
8.8, and it is possible that better results may 
be obtained in glycerin-saline mixture if the 
pH is kept at this level. 

Some encouraging results have been ob- 
tained in penetrating corneal transplants for 
total corneal leukomas. Generally the 
methods consisted of removal of the entire 
cornea with some of the scleral ring, 
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excision of the iris, and, in one instance, re- 
moval of the lens.4*157 Lamellar kerato- 
plasty for keratitis associated with xeroderma 
pigmentosa was followed by an appreciable 
improvement in visual acuity in two eyes of 
four patients and relief of photophobia in all 
four. Instillation of cortisone was thought 
to be of value because of inhibition of 
neovascularization. 


The pH of the epithelium, stroma, and 
endothelium may be a factor in successful 
keratoplasty. Normally the pH of the 
epithelium and endothelium ranges between 
6.5 and 7, and the pH of the stroma, between 
8 and 9. After enucleation and storage the 
pH of the stroma, epithelium, and 
endothelium tend to reach a common level. 
A similar pH change is noted in the eyes of 
persons who die after a long illness. This 
change has been attributed to an alteration 
in corneal metabolism. An analysis of a 
series of patients with corneal transplanta- 
tion indicated that the best results occurred 
in those cases in which the donor eye had 
been obtained from a person who had died 
suddenly.°® Blood grouping may be sig- 
nificantly related to delayed clouding after 
keratoplasty. Human corneas contain the 
same blood-group antigen as erythrocytes, 
and when corneal homogenates from one 
person are mixed with the serum of a 
different blood group the antiserum fraction 
is selectively absorbed.°° An immune re- 
action was found in patients who had had 
perforating keratoplasty with donor tissue 
from persons of an incompatible blood 
group. Antibodies to both A and B antigens 
were demonstrable in human aqueous humor 
in persons with a high serum isoagglutinen 
titer.161 

The late development of a peculiar corneal 
ulcer has been observed several weeks post- 
operatively in four separate instances. In 
two, the ulcers progressed completely across 
the graft, leaving a thin opaque tissue 
behind. In the other two there was a circum- 
scribed area of sequestration with a periph- 
eral clear zone. In each instance medical 
therapy was ineffective. The etiology of 
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the ulcers was undetermined, but in one 
instance it was thought to be due to defective 
donor corneas, and in the other it was re- 
lated to an absence of innervation of the 
graft or to the original corneal disease of 
the recipient or simply to an unusual re- 
jection response of the recipient eye.1*?1% 


Treatment 


Since the subject of pharmacology is 
covered in a separate review, this discussion 
is limited to a few highlights that may be of 
particular interest. 


Chelating agents such as edathamil (ethyl- 
enediaminetetraacetate, EDTA) may be of 
therapeutic value in the treatment of corneal 
burns from metallic salts. In experimental 
animals salts most toxic to the cornea were 
members of the third group of the periodic 
table, including scandium, yttrium, and rare 
earths. At a neutral pH salts of lithium, 
potassium, sodium, rubidium, cesium, mag- 
nesium, calcium, strontium, and barium were 
only mildly irritating and salts of the higher 
groups of the periodic table were relatively 
nontoxic. Toxicity appeared to be related to 
the capability of the metals to compete for 
binding sites in the cornea, and with some 
exceptions the binding of mucoprotein par- 
alleled toxicity. There were indications that 
this binding was reversible, since treatment 
of the burned corneas with edathamil re- 
sulted in the depletion of yttrium remaining 
in rabbit corneas. Edathamil was also found 
effective following exposure of denuded 
corneas to salts of copper and lead, and 
treatment with sodium sulfosalicylate was 
effective following exposure to beryllium 
sulfate.** A 1% bisodium salt of ethylene- 
diaminetetraacetic acid favored healing in 
mild lime burns of the cornea in laboratory 
animals but had no appreciable affect on 
serious burns.'® Acetylcholine, particularly 
in a 2% ointment, was beneficial in both 
thermal and chemical burns in 79% of 80 
patients so treated. Fewer adhesions and 
less corneal neovascularization were thought 
to have occurred.’®* Corneal burns induced 
in experimental animals with 2 N_ hydro- 
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chloric acid responded best to subconjunc- 
tival injections of the vasodilator drug 
Pridazol (2-benzyliminazoline chloride), 
compared with rinsing with isotonic saline, 
subconjunctival injections of plasma of pre- 
served human blood, and retrobulbar injec- 
tions of 0.5% procaine (Novocain). The 
effectiveness of the drug was thought to 
be related to its vasodilating action.‘ A 
similar beneficial action of vasodilators was 
noted in burns induced in rabbit corneas 
with nitric acid, lime, and heat.!¢® Some 
protection against ionizing radiation may be 
obtained by increasing the tissue concentra- 
tion of sulfhydryl-containing compounds. 
Rabbits treated with glutathione and exposed 
to varying doses of irradiation compared 
very favorably with a control group. In the 
controls corneal opacities and corneal edema 
were evident in some animals irradiated 
with 2240 r and most animals irradiated 
with 6000 r. No corneal alteration was 
noted in the glutathione-treated group fol- 
lowing the same exposure.!® 

A new antibiotic, novobiocin, may be 
effective against resistant strains of staphy- 
lococci. However, resistance to this drug is 
rapidly acquired, and it appears most ef- 
fective in combination with other broad- 
spectrum antibiotics. Its effect appears to 
be synergistic with neomycin and bacitracin, 
additive with chloramphenicol, tetracycline, 
and erythromycin, and antagonistic with 
penicillin.17-172 

Nystatin (Mycostatin, Squibb) is an anti- 
fungal antibiotic effective against Candida 
albicans. For corneal lesions it was best 
administered locally as a suspension every 
hour. The most effective suspension con- 
tained 20,000 units per cubic centimeter.!7*. 
174 Irgapyrine is a mixture of the sodium 
salt of phenylbutazone (Butazolidin) and 
aminopyrine, with analgesic, antipyretic, and 
anti-inflammatory action similar to the ster- 
oids. This drug may be effective for acute 
anterior segment inflammations, including 
keratitis, scleritis, and uveitis. The drug 
may be given by mouth in tablet form or 
by intramuscular injection. Side-effects are 
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usually mild and consist of dizziness, tachy- 
cardia, and edema.!*5177_ A reactivation of a 
corneal ulcer was noted following adminis- 
tration of phenylbutazone, one of the in- 
gredients of Irgapyrine. The ulcer subsided 
with discontinuance of the drug.?*§ 

A beneficial effect was claimed for amino- 
salicylic acid in the treatment of phlyctenu- 
lar disease. The drug was administered both 
locally in the form of drops of 2.8% solu- 
tion and by mouth.!”* Beneficial effects were 
observed in various superficial keratopathies 
such as herpes simplex, keratoconjunctivitis, 
and corneal erosions following the adminis- 
tration of thyroxin ointment.?* 


Sclera 


Scleromalacia perforans is generally as- 
sociated with long-standing, chronic, pro- 
gressive rheumatoid arthritis and appears 
most often, if not exclusively, in women 
over 50 years of age. It probably begins as 
scleritis or episcleritis. The inflammation is 
usually minimal after perforation appears.’** 
Treatment with steroids is usually recom- 
mended early,!®* although the effectiveness 
of cortisone may be questionable.*** Later in 
the disease scleroplasty has been advocated, 
and grafts of fascia lata have been effec- 
tively installed in the episcleral tissues, pro- 
viding sufficient support.’*?%* Gumma of 
the sclera can simulate scleromalacia per- 
forans but may be distinguished by serologic 
tests.185 
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Feb. 18, 1957 


SYMPOSIUM: EYE CHANGES IN 
SYSTEMIC DISEASE 


Hypertension and Nephritis. Sruart 5. 
Snyper, M.D. 


The ocular fundi changes in hypertension 
and nephritis are interesting, important, and 
diverse. From our observations of the eye- 
grounds, we can deduce what is happening 
to cerebral and renal vessels. Today we 
recognize essential hypertension as being 
neurogenic and humoral (probably nephro- 
genic). When _ hypertension becomes 
chronic, these two factors are working to- 
gether. 

However, we have seen cases where the 
blood pressure has been reduced dramati- 
cally by the Rauwolfia alkaloids, and there 
has been improvement of renal function 
studies but no concurrent relaxation of the 
spasm of the retinal arterioles. In persons 
with mild hypertension the spasm usually 
recedes or disappears in the following two 
to three weeks after treatment has been 
started. Patients with severe hypertension 
may show improvment in their eyeground 
changes within a few weeks or months after 
responding to therapy. In the older age 
groups, the vascular changes may be ir- 
reversible before treatment was started so 
that little or no improvement is seen in the 
fundi. 

One aspect of drug therapy for hyperten- 
sion that concerns us in the fluctuation of 
blood pressure sometimes induced. If 
atherosclerotic plaques are present in the 
vessels, thrombi may form. Coronary, cere- 
bral, and mesenteric thrombi may occur as 
well as central retinal vein thrombosis, which 
we ophthalmologists can observe directly. 

We see most of our acute vasospastic 
changes in the toxemias of pregnancy. Al- 
most all of these spastic changes are re- 
versible. Localized arteriole spasm can be 
readily observed in the first and second 
branchings of the arterioles. This localized 
spasm can be seen to move at times either 
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proximally or distally, and its intensity can 
be seen to vary from day to day. Once the 
spasm is present, its intensity and duration 
approximate the diastolic blood pressure 
closely. 

Since the etiology of essential hyperten- 
sion is still to be discovered, treatment of 
its ocular complications is varied and usually 
without effect. 


Blood Dyscrasias. 
M.D. 


In a number of the blood dyscrasias there 
are specific local changes in the eyes that 
are so characteristic that they are of diag- 
nostic value. 

A white-centered hemorrhage is found in 
some cases. They have been the cause of 
an interesting error in the medical litera- 
ture, as many have called them Roth spots. 
The odd thing is that Roth never described 
them. In 1872 he reported white spots in 
the retina which he saw in cases of sepsis. 

In 1876 Litten described white-centered 
hemorrhages in sepsis. Someone later called 
the white-centered hemorrhages Roth spots, 
and others have copied this usage. 

The white-centered hemorrhage is not 
really white, but it has a lighter center than 
periphery and may be yellowish. They are 
due to changes in the blood with agglutina- 
tion of white cells in the center. The white- 
centered hemorrhage is found in a number 
of different diseases, in chronic sepsis, 
especially subacute bacterial endocarditis, 
pernicious anemia, and leukemia, but an im- 
portant point is that leukemia is the com- 
monest cause, 

[Slide] Leukemia.—Eye changes are pro- 
duced in over 60% of the cases. Pupillary 
changes have been described. Leukemic 
nodules have developed in the orbit. The 
fundus picture is striking. The retinal 
arteries may be pale and distended. The 
commonest findings in leukemia are retinal 
hemorrhages, some with light centers. White 
spots may be seen, and there may be peri- 
vascular sheathing of the veins. The 
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hemorrhages are more apt to be in propor- 
tion to the degree of anemia than to the 
white cell count. Edema of the disk occurs 
in a small per cent of cases. The occurrence 
of papilledema and retinal hemorrhages 
away from the disk, some with light centers, 
is a combination that is most often found 
in leukemia, and it is therefore of diagnostic 
value. Microscopic examination of patients 
that died of leukemia shows infiltration 
of leukocytes in the uveal tract and retina. 
A subconjunctival nodule was shown. 

[Slide] Lymphomas.—The region of the 
eye is frequently involved in the malignant 
lymphomas. A lid nodule is often the first 
sign. Nodules in the orbit and anterior part 
of the eyeball are common. Approximately 
10% of all orbital tumors are lymphomas. 
Papilledema may occur. A nodule in the 
fornix was shown. 

[Slide] Hodgkin’s Disease-—In Hodg- 
kin’s disease lid and orbital tumors may 
occur and papilledema is occasionally found. 

[Slide] Pernicious Anemia.—This disease 
will cause eye changes to appear when the 
hemoglobin falls below 50%, especially 
when it is below 40%. The retina is pale 
with a pale nerve head, which suggests optic 
atrophy. Vessels are pale and narrowed. 
Retinal hemorrhages occur, some with 
light centers. With long-standing disease, 
optic atrophy may occur. With proper spe- 
cific therapy, as the hemoglobin rises over 
50% the eye signs disappear. 

[Slide] Polycythemia.—Here the retinal 
veins become widened and slightly cyanotic. 
Retinal hemorrhages may occur, but they are 
not frequent. In rare cases papilledema 
develops. 


Diabetic Retinopathy. Grorce N. WIsE, 
.D. 


Three major points were made in this 
discussion. First, evidence was presented 
to show that neither the lipid droplets in the 
endothelial cells, as described by Ballen- 
tyne, nor the retinal microaneurysm 
constitutes the initial lesion in diabetic ret- 
inopathy. Data indicating that the primary 
vascular lesion in diabetes may well be due 
to some derangement in the mucopolysac- 
charide metabolism were shown. 

Second, it was shown that an even closer 
relationship between the retinal micro- 
aneurysm and the diabetic exudate than 
that described by Ballentyne probably holds. 
Evidence was presented to indicate that all 
diabetic exudates occur in are or ring form 
about clusters or groups of retinal micro- 


aneurysms, whether clinically visible or 
not. 

Third, evidence was presented to chal- 
lenge the strongly held medical view that 
the major vascular complications of diabetes 
are primarily arterial in nature. 

This article is to be published in full at a 
later date. 


Ocular Manifestations of Collagen Dis- 
eases. FraNK H. ConstanTINeE, M.D. 


A noteworthy group of maladies of un- 
known origin which primarily involve con- 
nective tissue has been termed collagen 
diseases. These include the conditions 
known as periarteritis nodosa, dermatomyo- 
sitis, scleroderma, disseminated lupus ery- 
thematosus, and serum sickness. Other 
afflictions such as rheumatoid arthritis, 
rheumatic fever, and temporal arteritis ex- 
hibit structural changes in collagen but of a 
somewhat limited scope. 

The pathology and symptomatology of 
each diffuse collagen disease were outlined 
before the ocular involvement was discussed. 


It was pointed out that early in peri- 
arteritis nodosa retinal hemorrhages and 
exudates, together with edema of the disc, 
may exist in the presence of normal retinal 
arteries. Later, when necrosis of renal 
arteries occurs, retinal vascular lesions be- 
come evident. Episcleritis and iritis are 
also observed. 

The commonest ocular lesion in dermato- 
myositis is a tense erythematous edema of 
the eyelids. The presence of a reddish-blue- 
brown pigmentation in the skin is considered 
diagnostic. Retinopathy may also be ob- 
served. 

Scleroderma is often accompanied by 
cataracts. The lid skin is also frequently 
thickened and pigmented. 

Twenty-five per cent of patients with 
disseminated lupus develop lesions of the 
retina, choroid, or optic nerve similar to 
those found in periarteritis. Hypertension, 
however, is rare in lupus; therefore retinal 
vascular lesions due to it are infrequent. 

In serum sickness edema of the ocular 
apparatus is common, especially of the eye- 
lids, conjunctiva, and papilla. Retinopathy 
of the type seen in periarteritis and lupus 
is noted. 

Rheumatic fever is notable because of the 
absence of ocular complications. 


Rheumatoid arthritis is often accompanied 
by uveitis and episcleritis of extreme se- 
verity and chronicity. 
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The grave nature of — arteritis is 


stressed by the fact that 25% of these pa- 
tients show ocular involvement. Blindness 


in one or both eyes resulted in 65% of 
those affected. 


Xanthomatous Diseases. GERALD B. Kara. 


Xanthomatous disorders are classified ac- 
cording to serum lipid levels as follows: (1) 
essential xanthomatosis of the hypercho- 
lesteremic type, which includes tuberous or 
plain skin xanthomas, xanthomas of 
tendons, and atheroma of intima of blood 
vessels, endocardium of the heart, and lining 
of bile ducts; these conditions are familial ; 
(2)  normocholesteremic xanthomatosis, 
including eosinophilic granuloma, Hand- 
Schiller-Christian syndrome, and eosino- 
philic xanthomatous granuloma; these 
nonfamilial lesions are associated with dis- 
seminated xanthomata of skin, osseous 
system, dura, brain, lungs, lymph nodes, and 
spleen; (3) xanthomatosis secondary to 
hyperlipemia; examples are diabetes and 
idiopathic hyperlipemia; the xanthomatous 
process in these conditions is eruptive. 

Xanthomatosis of the lid occurs in two 
forms: (a@) xanthoma tuberosum and (b) 
xanthoma planum, or xanthelasma. The 
blood cholesterol in 75% of cases of the 
latter is elevated. 


Xanthomatosis in the normocholesteremic 
group is subdivided into (1) xanthoma 
disseminatum (the latter, nevoxanthoendo- 
theliomas in children, are frequently accom- 
panied by a granulomatous uveitis) and (2) 
eosinophilic xanthomatous granulomas 
(reticuloendotheliomas), which include 
eosinophilic granuloma of bone and Hand- 
Schiiller-Christian and Letterer-Siwe syn- 
dromes. These reticuloendotheliomas are 
not distinct entities but represent transition 
stages of a primary pathology of the 
reticuloendothelium system, going through 
the following phases: proliferative, granu- 
lomatous, xanthematous, and fibrosis. Clin- 
ical features are fever, anemia, hemorrhages, 
exophthalmos, defects in membranous bones 
of the skull, diabetes insipidus, and enlarge- 
ment of the liver, spleen, and lymph nodes. 

A case of Letterer-Siwe syndrome was 
presented. 


Biomicroscopy and General Diseases. 
Mitton L. Beriiner, M.D. 


The purpose of this discussion is to re- 
mind ophthalmologists of, and alert them 
to, certain subclinical biomicroscopic changes 
which may precede or accompany systemic 
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conditions; the point is that these changes 
should be recorded even in the presence of 
a negative medical history, since in several 
instances their relationship becomes ap- 
parent only years later, 

Among the clinical alterations of the 
conjunctiva and cornea, the following were 
considered: (1) subclinical edema, (2) con- 
gestion of the vessels, (3) alterations in 
turbidity and viscosity of tear film, (4) 
superficial and deep microscopic pigmenta- 
tions, (5) superficial and deep nonpig- 
mented infiltrations, and (6) in the cornea, 
neovascularization. 

In the case of cataracts, their association 
with endocrine and hormonal disturbances, 
as well as in certain dermatological condi- 
tions, was stressed. Vitreous alterations and 
certain fundus changes were presented, 
especially from the point of view of the 
optic section which permits more exact 
localization so that purely retinal lesions may 
be differentiated from those of choroidal 
origin. 

Discussion 


Dr. Georce A, Perera: I wish I had the 
time and knowledge to discuss each one of 
these interesting papers. They covered so 
many areas that I would rather make a few 
comments. I suppose the easiest way would 
be to say that the ayes (eyes) have it, but | 
should like to begin with the observation that 
the program was badly arranged in that no 
medical groups were in attendance; | think 
they missed something. 

It seems to me that tonight’s program 
illustrates beautifully our mutual responsi- 
bility as internists or ophthalmologists. The 
very nature of this subject is an indication 
that you assume your responsibility in terms 
of looking in eyes and looking for, among 
other things, signs and symptoms of sys- 
temic disease. 1 wish all internists were as 
good as you appear to be; for the internist, 
who is generally today’s family physician, 
should at least know enough about all areas 
of the body so that he can spot disease, 
recognize its presence, and refer the patient 
to a specialist, if necessary. The internist 
who does not use a proctoscope or an 
ophthalmoscope is “missing the boat” and is 
not assuming his responsibility fully. 

Another thought stimulated by your con- 
tributions deals with the utility of a sense of 
curiosity. There are some who feel that 
curiosity should be reserved for men in re- 
search institutions. I do not believe this to 
be true. If we are not curious about what 
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we have heard tomight, if we are not curious 
at the bedside, as well as in the laboratory, 
we are denying ourselves the opportunity 
to do a better job. 

I should like to tell you of some of the 
things I am curious about. Let’s take papil- 
ledema! I am not sure what makes it. I am 
told that an obstruction to the venous drain- 
age of the eye is responsible. Papilledema 
does not correlate well with the cerebro- 
spinal pressure. We usually encounter 
papilledema in the accelerated form of hy- 
pertension, but I have seen patients who lost 
their hypertension as a result of a vascular 
accident and had papilledema appear at a 
time when the blood pressure was normal. 
I have heard physicians speak of converting 
a “malignant” hypertension to a “benign” 
one because the retinopathy improved. Do 
the retinal changes parallel those in the 
kidney? Are the mechanisms the same? 
Patients with pheochromocytoma rarely if 
ever show the changes of a widespread 
necrotizing arteriolitis that is so character- 
istic of the accelerated form of hypertension. 
Here, then, is a form of elevated blood 
pressure which may produce retinopathy 
and papilledema but none of the other 
characteristics of “malignant” hypertension. 


April 15, 1957 


Adie’s Syndrome—Is It Really Always 
Benign? Orro Lowenstein, M.D. 


Adie’s syndrome in its typical form is 
characterized by (1) poor or absent pupil- 
lary reactions to light; (2) slow, delayed, 
and extensive pupillary contractions to near 
vision with delayed redilatation upon far 
vision (“tonic reactions”), and (3) impair- 
ment of one or more of the deep reflexes, 
especially of the lower extremities. Beside 
this complete form, Adie described several 
incomplete variations of the syndrome, 
namely (1) pupillotonia with normal deep 
reflexes, (2) “typical phases of the tonic 
pupil” with normal deep reflexes, (3) “atypi- 
cal phases of the tonic pupil” and impair- 
ment of deep reflexes, and (4) normal pupils 
with impairment of deep reflexes. The term 
“atypical phases of the tonic pupil” included 
the large, fixed pupils of internal ophthal- 
moplegia. Adie stressed the benign nature 
of the syndrome in all its variations. 

The question of the benign nature of the 
syndrome must, however, be considered in 
the light of the localization and nature of the 
causative lesions. 
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What of the papilledema found in some 
forms of anemia and in hyperparathyroid- 
ism? I wish that I knew the mechanisms, 
and maybe you can tell me what they are. 
It is possible for a patient with hypertension 
to have a sympathectomy with no lowering 
of the blood pressure, and yet severe reti- 
nopathy and papilledema may undergo dra- 
matic improvement. These are a few of 
the items I am curious about and wish you 
could help me answer. 

I could go on and show my ignorance in 
many ways, but I do not think that is the 
purpose of the evening. What I am trying 
to put across is that I think we ought to 
work more closely together. In many re- 
spects you have gone far beyond the in- 
ternist in your knowledge of your field; in 
others we may excel. If we could share 
our knowledge, engage more fully in shar- 
ing our responsibilities and airing our 
mutual concerns, medicine would be better 
off. 

In closing, I wish I had the courage to 
congratulate the speakers this evening, but 
as an appreciative listener and as the sole 
representative of the internal medical field, I 
would rather say “thank you for opening 
my eyes.” 


The complete form of Adie’s syndrome 
cannot be caused by a single lesion within 
the pupillary reflex arc. The existence of 
additional lesions must be assumed to ex- 
plain the abnormalities of deep reflexes. 

The lesion responsible for the pupillary 
syndrome is very likely located in the ciliary 
ganglion. The traditional reasons for this 
assumption are discussed, and new evidence 
is added. All facts indicates that pupillo- 
tonia develops from an earlier stage of 
parasympathetic paralysis and is the mani- 
festation of hypersensitivity of the partially 
denervated pupillary sphincter to cholinergic 
substances. The underlying process must 
not always be benign. Cases have been de- 
scribed in the literature in which orbital 
tumors were found on the side of the pupil- 
lary syndrome. Two such cases are pre- 
sented. In one of them a pseudotumor was 
removed, while in the second x-ray examina- 
tion revealed increased density of orbital 
soft tissues on the side of the syndrome. 
In this second case, the gradual development 
of pupillotonia from an earlier stage of 
incomplete internal ophthalmoplegia was 
pupillographically recorded, and the simul- 
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taneous development of exophthalmos was 
observed. 

It is concluded that the generally accepted 
opinion that all variations of Adie’s syn- 
drome are always benign should be modified 
as follows: 

1. The complete form of Adie’s syndrome 
with tonic pupils and absence of one or more 
tendon reflexes may be considered as prob- 
ably due to an intrinsic generalized nervous 
condition and as benign. 

2. Cases with “incomplete” forms of 
Adie’s syndrome are rarely simple and un- 
equivocal. Patients who show either dis- 
turbances of the deep reflexes alone or 
“atypical” pupilla symptoms without 
pupillotonia may suffer from one of a great 
variety of central or peripheral nervous 
diseases. 

3. Patients who show pupillary symptoms 
of third nerve paresis without pupillotonia 
should be followed up. They may or may 
not develop an Adie pupil. If pupillotonia 
fails to develop, the causative lesion may be 
located in the third nerve nucleus or in the 
postnuclear intracerebral or extracerebral 
third nerve fibers. The symptoms may be 
the expression of numerous processes. A 
part of them may be serious, such as tumors 
of the brain, aneurysms, meningiomas, 
syphilitic and other infections of the central 
nervous system, and many others. 

4. Isolated pupillotonia, not associated 
with anomalies of the deep reflexes, may be 
due to a conditton limited to the ciliary 
ganglion, but pupillotonia may also be 
caused by more extensive orbital pathologic 
processes which have secondarily involved 
the ciliary ganglion. The prognosis in such 
cases depends on the nature of the orbital 
pathology. The existence of tumors or other 
space-consuming processes should be ex- 
pressly excluded. 


Discussion 


Dr. JosepH A. C. WapswortH: When 
an established syndrome has been generally 
accepted by the profession and authorities 
have generally agreed on the characteristics 
of the syndrome, it is often felt that one who 
attempts to alter or qualify the salient points 
is meddlesome. Such is not the case here 
tonight. Adie’s major premise was the fact 
that the syndrome, either complete or incom- 
plete, was benign. This may not be true 
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when only the pupillary part of the condition 
presents itself, 

A primary lesion in the orbit can easily 
give a picture of hypertonic pupil. The 
mechanism is the destruction of the ciliary 
ganglion, either from within or from with- 
out. The classical lesion would be an intrin- 
sic disease of the ciliary ganglion. For many 
years it has been speculated that a neuroblas- 
toma could originate in the ciliary ganglion. 
Six months ago Levy reported a primary 
neuroblastoma in the orbit. No description 
was made of the pupil, but illustrations of 
the case show the pupil to be larger on the 
involved side than on the unaffected side. 

Orbital lesions where infiltration, scarring, 
and contracture take place can produce an 
Adie pupil by destroying the ciliary ganglion. 
Pseudotumor or granuloma of the orbit is 
characterized by dense scar tissue, the con- 
tracture of which could destroy the function 
of the ciliary ganglion. Since the etiology 
of pseudotumors is not known, toxic prod- 
ucts of the lesion may play a part. 

An infiltrating neoplasm with or without 
necrosis could produce the same effect. I do 
not believe that a slowly expanding local- 
ized lesion would exert sufficient pressure on 
the ganglion to destroy its function. A tumor 
within the muscle cone would hardly be a 
cause. Most probably a lesion arising in the 
upper outer quadrant is the logical location 
for an expanding growth to involve the 
ciliary ganglion. Mixed tumors of the 
lacrimal gland, various types of sarcoma, 
rhabdomyosarcoma, reticulum-cell or lym- 
phocytic-cell type, are sufficiently infiltrative 
to damage the ganglion. 

It is possible for hemorrhage following 
trauma or due to a hemangioma to organize 
and involve the ganglion in such a manner 
as to destroy its function. 

Dr. Lowenstein is to be congratulated for 
calling to our attention the serious poten- 
tialities of an Adie pupil when it occurs 
alone and without disturbance of the deep 
reflexes. 

Dr. Orto Lowenstein: As Dr. Wads- 
worth pointed out, trauma followed by 
hemorrhage has to be considered as a possi- 
ble cause of a tonic pupil. In such a case 
pupillotonia would not be found immediately 
after the injury, because some time is re- 
quired for the destruction of the ganglion 
and development of cholinergic supersensi- 
tivity which manifests itself as pupillotonia. 


SO! 
Th 
I 
tre 
glic 
Yo 
ind 
im 
gli 
col 
su 
str 
cr 
tu 
ar 
th 
ne 
tu 
t 
p 
f 
b 
] 
f 
\ 
] 
\ 
i 


SOCIETY TRANSACTIONS 


The Treatment of Glioma of the Optic 
Nerve and Chiasm by Radiation 
Therapy. Juan M. Taveras, M.D. 


Preliminary observations in the results of 
treatment of 34 patients with optic nerve 
glioma at the Neurological Institute of New 
York and the Institute of Ophthalmology 
indicate that roentgen therapy is of foremost 
importance in the control of optic nerve 
glioma, particularly when combined with 
conservative surgical treatment. Radical 
surgery usually results in permanent de- 
struction of the optic pathways or in an in- 
crease in the visual deficit caused by the 
tumor. 

The prognosis in glioma of the optic nerve 
and chiasm is favorable in comparison with 
the majority of infiltrating neoplasms of the 
nervous system. Almost all of the intrinsic 
tumors of the optic nerves and chiasm are 
composed of piloid astrocytes, and the na- 
tural course of the tumor is one of slowly 
progressive growth. Death usually results 


from extension into vital areas and from 


blockage of the foramen of Monro. 


The average age of the patients when first 
seen was 13 years. There were 27 patients 
15 years or younger. The remainder ranged 
from 16 to 49 years. 

In our series of 34 patients there were 13 
who had exophthalmos and 21 who did not. 
In our group primary intracranial growth 
was commoner than primary growth in the 
intraorbital portion of the nerve. Simul- 
taneous occurrence of exophthalmos and 
intracranial tumor present at the time of ad- 
mission was found in three cases. Large 
doses of radiotherapy are not necessary to 
control the disease. Our present form of 
treatment consists of 4000 r tumor dose 
given in 30 days for an adult and for chil- 
dren over 8 years of age. The dose is scaled 
down for younger children. 

If all patients diagnosed up to five years 
ago are considered, we have 22 cases avail- 
able for assessment on a five-year survival 
basis. Three patients died in the immediate 
postoperative period of extensive disease. 
Four died subsequently. Fifteen patients are 
alive and well from 5 to 22 years following 
radiation therapy. 

Because the possibility exists that one 
may be able to preserve vision with radio- 
therapy, surgery should be used only when 
a clinical diagnosis cannot be made. Ex- 
ophthalmos, in the patients who received 
adequate radiotherapy, was present in seven 
patients, and only 2 required removal of the 


intraorbital tumor at a later date. In the 
remaining five cases the exophthalmos dis- 
appeared in three and decreased to a satisfac- 
tory level in the other two. The follow-up in 
the latter five patients is now 2.5, 4, 7, 14, 
and 22 years following treatment, and the 
results persist. If operation and intraorbital 
removal are carried out, it would be advis- 
able to give a course of radiotherapy to pre- 
vent later extension of the tumor, for 
continued intracranial growth following in- 
traorbital removal has been reported in in- 
dividual cases by several authors. 


Discussion 


Dr. Isapore Givner: I am very happy to 
say that I have had an opportunity of work- 
ing with Dr. Taveras on one case, a little 
boy 2% years of age, who had a glioma of 
the optic nerve and chiasm with an ex- 
ophthalmos of 5 mm. and postpapilledemic 
atrophy. The entire exophthalmos disap- 
peared under radiation therapy, but no re- 
turn of function has occurred. 


Ophthalmic Aspects of Pituitary Tumor. 
C. Rucker, M.D., Rochester, 
Minn. 


The earliest and often the most prominent 
symptom of pituitary tumor may be loss of 
vision through pressure on the optic chiasm. 
The visual loss may begin so vaguely that 
its cause may be overlooked by the first 
examiners. Pituitary tumors are not rare, 
and they account for about half the cases 
of involvement of the optic chiasm. The 
peculiarities of the field defects are deter- 
mined by the complex arrangement of nerve 
fibers within the chiasm. An accompanying 
oculomotor paralysis foretells a dire prog- 
nosis, for it indicates a lateral spread of the 
tumor through the cavernous sinus. In such 
cases it is the third nerve that is implicated 
—sometimes the fourth or sixth additionally, 
but not without the third. A remarkable 
variety of lesions other than pituitary tumor 
may interrupt the chiasm, including numer- 
ous types of tumors, inflammatory reactions, 
and aneurysms. Their resultant defects in 
the visual fields are likely to lack the sym- 
metry of those pituitary tumor, and they are 
less likely to begin in the upper temporal 
quadrants. The perimetrist will too often be 
wrong if he attempts to guess the nature of 
the lesion on the basis of the fields. His 
province is the determination of the site of 
interruption of the visual pathway; that he 
can do accurately, 
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Discussion 

Dr. Max CHAMLIN: It is indeed a privi- 
lege to discuss Dr. Rucker’s paper. As al- 
ways, his points are clearly stated and have 
important clinical significance. 

Regarding the scotomatous defects de- 
scribed by Dr. Rucker, I am not convinced 
that anterior or posterior involvement can 
easily be determined by the type of field de- 
fect alone, except when there is a definite 
indication of homonymous defect, in which 
case one may assume that there is tract 
involvement, though not necessarily originat- 
ing there. I do not believe that our present 
knowledge of the anatomy of the chiasm is 
sufficient for us to explain the various clin- 
ical pictures we see. Only direct surgical 
sectioning of various parts of the chiasmal 
fibers, followed by subsequent field examina- 
tions in the same patient, might help to en- 
lighten us in this respect. Obviously, to 
carry out this procedure would present too 
many problems. Futhermore, it might well 
be complicated by the individual variations 
that may exist in the distribution of fibers 
in various persons. 

As for arcuate scotomata occurring in 
chiasmal interference, I have seen only one 
case which vaguely suggested such a defect, 
and I am not sure of the adequacy of the 
examination at that time. I should like to 
suggest the possibility that early involvement 
of one optic nerve could produce marked 
unilateral defects which might obscure sub- 
sequent hemianopic features in the field of 
that eye. In one case where I thought I had 
found such defect, air studies later revealed 


May 20, 1957 


Diabetes Mellitus and Adrenalectomy. 
GeorRGE McDonatp, M.D., Lenox Hill 
Hospital. 

Diabetes has become one of the frequent 
causes of blindness today as a result of the 
addition of insulin to our armamentarium, 
increasing the number of diabetics surviving 
to develop vascular complications. The in- 
cidence of diabetic retinopathy increases 
markedly with the duration of the disease, 
introducing a poor visual prognosis. 

Medical therapy has failed to prevent the 
progression of the vascular complications ; 
therefore surgical ablation of the adrenals 
and pituitary has been studied. 

It is theorized that overactivity of the 
adrenals due to marked changes in the blood 
sugar levels causes the production of the 
arteriolar lesions, 
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the chromophobe tumor to be entirely intra- 
sellar, with good filling of the basal cisterns. 
A detailed history of the onset and the subse- 
quent clinical course yielded convincing evi- 
dence that the patient had severe retrobulbar 
neuritis in the left eye and that the pituitary 
tumor had not encroached upon the chiasm 
at all. 


As for ocular palsies, the incidence I 
found was 5% similar to Dr. Rucker’s. I 
was not aware of the more serious prognostic 
import he ascribes to their occurrence. 

1 have also found chiasmal interference 
with other lesions, e. g., pinealoma, menin- 
gioma, chordoma, aneurysm, and metastatic 
disease. As Dr. Rucker pointed out, in such 
conditions clinical evidence other than the 
bitemporal hemianopia must be utilized in 
making the diagnosis, because any mass 
lesion causing chiasmal interference will pro- 
duce very much the same type of field 
defect. 

Finally, I should like to console Dr. 
Rucker regarding his statement that bitem- 
poral hemianopia is occasionally missed in 
Minnesota—it happens in New York, too, in 
the very best of families! However, I be- 
lieve it would happen less frequently if 
visual field studies (particularly 1/2000 
white) were made regularly in the following 
types of cases: (1) patients with loss of cen- 
tral vision not accounted for by any disease 
process visible in the cornea, lens, or retina 
and (2) patients with retention of normal 
central vision but vague symptoms of visual 
disturbance or headache which cannot be 
otherwise accounted for. 


Twenty cases of total bilateral adrenalec- 
tomy are reviewed, with the conclusion 
drawn that this procedure may be helpful if 
performed prior to the development of irre- 
versible trophic changes. 


Retinal Detachment: Histopathologic 
Study on Scleral Buckling Procedure 
and Some Anatomoclinical Facts. Jor. 
Contreras, M.D., and BocHos Bepros- 
sian, M.D., Kings County Center. 


This is the case of a 25-year-old Negro 
man who had an extensive retinal detach- 
ment inferiorly in O. S. A 180-degree la- 
mellar scleral resection and buckling coupled 
with diathermy was done 10 mm. from the 
limbus, using 0000 nonabsorbable surgical 
(silk) sutures and 1 mm. polyethylene tube. 
Ten months later the patient had photo- 
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phobia and pain in O. U. and flare in O. 5. 
which did not respond to systemic and topical 
steroids. The O. S. was enucleated with the 
presumptive diagnosis of sympathetic 
ophthalmia. 

Sections of the eye showed that the retina 
was adherent only at the buckle, but not 
elsewhere. The retina and choroid at the 
buckle were markedly disorganized. There 
was no sympathetic ophthalmia, but there 
were foci of lymphocytes and monocytes 
around the buckle within the sclera. This 
chronic inflammation accounted for the pain. 
Finally, there was an area of foreign-body 
granulomatous reaction with epitheliod cells, 
lymphocytes, and giant cells clustered around 
silk suture fragments. 


Blowout Fracture of the Orbit. WILLIAM 
F. Recan, M.D., Manhattan Eye, Ear 
and Throat Hospital. 


The term blowout fracture refers to in- 
ternal orbital fractures without fracture of 
the orbital rim. A case report is presented. 
Experimental work on the cadaver is pre- 
sented showing that such fractures are pro- 
duced by spheres of 6 to 10 cm. in diameter 
which force the orbital contents posteriorly 
and downward through the orbital floor into 
the maxillary sinus. Such internal orbital 
fractures cannot be reproduced if the orbit 
is previously exenterated. The clinical find- 
ings, oculorotary disturbances, and ex- 
ophthalmos are discussed, as is the surgical 
treatment by autogenous iliac bone grafts. 
The necessity of early diagnosis and treat- 
ment is stressed. 


The Neuropathology of Leber’s Disease: 
A Complete Anatomical Study. Joun 
KwittKen, M.D., and Herman 
Barest, M.D., Montefiore Hospital. 


Since Leber’s original paper in 1871, 
several concepts as to the pathogenesis of 
hereditary optic atrophy have been postu- 
lated. The most prominent hypotheses have 
been (1) a pituitary gland disorder, (2) 
chronic arachnoiditis about the optic nerves, 
(3) a toxic retrobulbar neuritis, and (4) a 
primary neuronic degeneration localized to 
the optic nerve. 

A complete anatomical study of the eye 
and central nervous system presents strong 
evidence of a primary degeneration of the 
ganglion-cell layer of the retina most marked 
in the macular region, with secondary trans- 
neuronal degenerative changes in the re- 
mainder of the optic pathway, except for the 
calearine cortex. 


An Experimental Evaluation of Cataract 
Wound Healing in the Rabbit Eye 
with the Antihistamines. Victor JERRY 
Wie, M.D., Mount Sinai Hospital. 
Histamine has been linked with inflamma- 

tory processes and particularly in trauma. 

Histamine or a histamine-like substance is 

released from tissue cells during trauma and 

causes edema and inflammation about the 
blood vessels by altering their permeability. 

In the past several years there have been 
experimental and clinical reports of im- 
proved wound healing with the use of anti- 
histamines, particularly in oral surgery. 

I decided to determine the effect of anti- 
histamines on cataract wound healing in 
rabbits. A standardized corneolimbal section 
was made in one eye, and the eyes were 
enucleated at various times postoperatively. 
The section was then repeated on the fellow 
eye, with use of antihistamines pre- and 
postoperatively. The eye was enucleated on 
the same day that the fellow eye in the con- 
trol experiment had been enucleated. 

In the control group the reaction was 
uniformly less, and, histologically, healing in 
the control series was equal to, better than, 
or more advanced over the antihistamine- 
treated group. In no case was healing in 
this group less. 

The explanation for this may be much the 
same as that for the similar action of 
steroids, in that the normal inflammatory 
response, necessary for adequate wound 
healing, is depressed. 


Intermittent Exophthalmos: Report of a 
Case. Francis P. Camppett, M.D. 
Bellevue Hospital. 


A case of typical intermittent exophthal- 
mos is described and illustrated with slides. 
A 20-year-old woman presented with the 
complaint that for the past 18 months her 
left eye “bulges out” on bending forward or 
on lying on the left side. A complete exami- 
nation of the eyes was negative. Vision was 
20/20 O. U. Ear, nose, and throat examina- 
tion and x-ray studies of the skull and orbits 
were normal. There was no bruit, either ob- 
jective or subjective. The Hertle exophthal- 
mometer reading was 17 mm. O. D., 17 mm. 
O. S. On compression of the venous return 
by a sphygmomanometer cuff around the 
neck a rapid proptosis of the left eye was 
noted, the maximal exophthalmometer read- 
ing being O. D. 17 mm., O. S. 27 mm. Coin- 
cident with the proptosis was a marked 
ptosis and blurring of the vision in the left 
eye. On release of the pressure the eve 
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receded immediately. Proptosis of a lesser 
degree was noted on lying down or turning 
the head forcibly to the left. The ptosis may 
be a reflex protective measure or may be 
due to interruption of nerve transmission on 
orbital engorgement, a fact which might be 
confirmed by electromyographic studies. A 
third factor may be the engorgement of com- 
municating varices anterior to the orbital 
septum causing a pseudoptosis. Enophthal- 
mos, a frequent finding, was absent, possibly 
because this is an early case and pressure 
atrophy of the orbital contents is not yet 
evident. The condition was first described 
in 1805, and up to 1954 a total of 116 cases 
had been reported. 


Amblyopia: Newer Concepts in Treat- 
ment. VINCENT CARTER JR., M.D., New 


York Eye and Ear Infirmary. 


The standard method of the treatment for 
amblyopia due to strabismus consists chiefly, 
if not exclusively, in more or less occlusion 
of the good eye, taking toward the amblyopic 
eye a swim or sink attitude which is more 
dangerous the deeper the amblyopia is. 

Pleoptics, the treatment used by Bangerter 
and others, on the contrary, takes a peda- 
gogic attitude. After the fundamental step 
of scotomerization of the false macula, it 
entices the eye into activity by taking advan- 
tage, not only by visual stimulation but also 
by acoustic stimulation, of the correlation 
between eye, hand, and arm and the impor- 
tance of memory. Pleoptics recognizes sur- 
gery only as a subordinate method in the 
treatment of amblyopia due to strabismus. It 
does not from the beginning try to get paral- 
lelism of the two eyes, but rather to improve 
visual acuity of the amblyopic eye. Good 
binocular vision and amplitude of fusion at 
the objective angle are the main objects at- 
tained before final surgery is done in order 
to obtain parallelism. 


Studies in Tonography. [Ra KAUFMAN, 
M.D., New York Hospital. 


Observing that some patients with open- 
angle glaucoma required more miotics and 
demonstrated a reduction of their usual out- 
flow facilities during periods of stress, I 
produced immediate reductions in outflow 
facility by interviewing patients and dis- 
cussing material to which they were sensitive 
during tonography. These changes were in- 
dependent of blood pressure changes. 


310 


A, M. A. ARCHIVES OF OPHTHAEMOLOGY 


Facility determinations before and after 
interviews showed reduction in a volunteer 
who reacted strongly to the interview. 
Levarterenol in dilutions of 1:25000 to 
1:1000 instilled into the conjunctival sac 
produced a significant decrease in facility of 
outflow in 43% of patients, the untreated eye 
acting as control. 

Outflow facility was higher in the semi- 
erect than in the supine position in a patient 
with superior vena caval obstruction and in 
a healthy young male. 

Outflow facility is labile, and may respond 
to changes in circulating levarterenol. The 
role of this substance and emotions in the 


pathogenesis of open-angle glaucoma is open 
for speculation. 


A Refinement in Visual Field Testing. 
Davip H. Ruopes Jr., M.D., Institute of 
Ophthalmology. 


A technique utilizing the phenomenon of 
extinction is described. Called the “contra- 
lateral stimulation technique,” it consists of 
testing one-half of the visual field on an 
ordinary tangent screen, while the opposite 
half is strongly stimulated by a white screen 
simultaneously. The normal field of vision 
is unaffected, but the pathologic field shows 
an increase in the deficient area. A series 
of cases was presented showing the appear- 
ance of or the increase in defects in glaucoma 
and in neurologic involvement. The contra- 
lateral stimulation technique is felt to be use- 
ful in eliciting and in giving diagnostic shape 
to mild defects with gently sloping margins. 


Presentation of Awards 


The judges appointed to review these 
papers, Wendell L. Hughes, Chairman, 
Rudolph Aebli, and Hunter H. Romaine, re- 
ported their unanimous decision that the 
most deserving of the William W. Hoppin 
Award was the presentation by Dr. Victor 
Jerry Weil, from the Mount Sinai Hospital. 
Mrs. Hoppin presented the Award to Dr. 
Weil and made a formal presentation of last 
year’s Award to Dr. Bradley R. Straatsma, 
of Presbyterian Hospital. Mrs. Hoppin said 
that she was so impressed by the papers pre- 
sented that she wished to present a prize for 
the next most deserving paper. The judges 
after consultation recommended that this 
be given to Dr. Francis P. Campbell, of 
Bellevue Hospital. 


SOCIETY TRANSACTIONS 


Isaac S. Tassman, M.D., Chairman 
William E. Krewson, 3rd, M.D., Clerk 
March 21, 1957 


Bilateral Sixth Nerve Paresis Simulating 
Divergence Paralysis: Surgical Cor- 
rection. E. Howarp Beprossian, M.D. 


In this paper the differential diagnosis of 
divergence paralysis was discussed, includ- 
ing the symptoms, etiology, and treatment. 

The importance of differentiating bilateral 
sixth nerve paresis from divergence paraly- 
sis was considered, with special reference 
being made to measuring the fields of fixa- 
tion on a perimeter and observing the 
presence of muscle paretic nystagmus on 
end-gaze. 

In reviewing the literature, it was shown 
that only one case was recorded in which 
resection of both lateral rectus muscles was 
done to correct this condition. The present 
paper shows the effect on improving abduc- 
tion following resection of both lateral 
rectus muscles in one case and following 
unilateral resection of the lateral rectus 
muscle in the second case. It was emphasized 
that proper diagnosis be made and then that 
thorough investigation for neurologic dis- 
ease be made. If the condition is stationary 
and nonprogressive and organic disease is 
not present, then muscle surgery may be 
performed to improve abduction. 

Two cases were presented; in one uni- 
lateral surgery was performed with good but 
inadequate results, and in the second case 
bilateral surgery was performed with an 
excellent result, including the pre- and post- 
operative findings with fields of fixation. 

Dr. WiLt1aM E. Krewson: There is no 
doubt that many of the cases reported in 
the literature as paralysis of divergence are 
actually bilateral abducens palsies of very 
slight degree, as Dr. Bedrossian has indi- 
cated. The majority of cases that have been 
followed have progressed to a definite pare- 
sis of one or both lateral recti, and in some 
cases coming to autopsy lesions have been 
found in the midline between the sixth 
nuclei. While apparently a disease entity, 
it may be that paralysis of divergence is a 
transient phase, or intermittent stage, in the 
development of typical bilateral abducens 
paralysis of nuclear origin. I think it is of 
interest that no cases of paralysis of diver- 
gence have been reported in children, so far 
as I am aware. 
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We are indebted to Dr. Bedrossian for 
pointing out the fact that the differential 
diagnosis of these two conditions frequently 
is most difficult. We are dependent on the 
refinements of examination which he has em- 
phasized, especially carefully determined 
fixation fields and also diplopia fields taken 
for various horopters, i. e., at different dis- 
tances. In regard to diagnosis, it is a sad 
commentary that for a long time nothing 
very new has been added to our diagnostic 
armentarium except electromyography. 
However, this aid apparently is not of much 
help in this type of case, as far as I can 
determine from the work of Dr. Breinen. 
In paralysis of divergence, I understand 
there may be decreased firing of electrical 
impulses in the lateral recti on attempted 
divergence, but also in minimal palsies of 
these same muscles the electromyographic 
pattern may be indistinguishable from the 
normal. Hence, we must continue to rely 
mainly on good clinical observation and 
judgment. 

Dr. Francis H. Apter: Dr. Bedrossian 
started his paper by giving an excellent and 
thorough definition of the features of diver- 
gence paralysis, and with this I am in hearty 
agreement. The feature he emphasized in 
this definition was the difference in the 
diplopia fields in divergence paralysis and 
in bilateral sixth nerve paralysis. In diver- 
gence paralysis the diplopia increases with 
distance but the angular deviation remains 
the same when one carries the test object 
at any one distance in the radius of curvature 
of a circle from the patient to the right or 
left. In other words, in divergence paralysis 
the patient has an angular separation of his 
images at 20 ft. which remains the same 
regardless of whether the object is situated 
in the straight-ahead position or is carried 
in the radius of curvature of 20 ft. in a circle 
to the patient’s right or left. That is the sine 
qua non for the diagnosis of divergence 
paralysis. It is the essence of the whole pic- 
ture. In a sixth nerve paralysis, no matter 
how minimal it is, the diagnosis depends on 
the fact that the diplopia increases in the field 
of action of the paralyzed muscle; that is, 
in a bilateral sixth nerve paralysis there 
should be no diplopia in the primary posi- 
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tion, but an increasing homonymous diplopia 
when the object is carried to the right or to 
the left. On this basis, it should be easy 
to make a differentiation between a diver- 
gence palsy and a bilateral sixth nerve para- 
lysis. Now, in Dr. Bedrossian’s cases, he 
avoids telling us anything about the diplopia 
field. He lays emphasis on the fixation pat- 
tern alone. How can one make a diagnosis 
on the basis of this evidence? Dr. Bedrossian 
failed to mention a significant feature which 
was mentioned by Dr. Krewson and fre- 
quently has been emphasized in our literature, 
and that is that in the vast majority of cases 
of divergence paralysis a unilateral sixth 
nerve palsy frequently occurs at a late stage. 
This is to be expected, since the lesion which 
starts in the midline and gives rise to a diver- 
gence paralysis in this situation eventually 
spreads to one or both sides, and the patient 
ends up with a unilateral or bilateral sixth 
nerve palsy. Without seeing his patient, 
it would be quite unfair for me to claim 
that this is so, I would at least suggest that 
Dr. Bedrossian change his title to “Cases of 
Divergence Paralysis Which Eventuated 
in Bilateral Sixth Nerve Paralysis.” 

Dr. E. Howarp Beprossian: The meas- 
urements which I showed alongside of the 
fixation fields, in Figures 2 and 3, are the 
red glass diplopia fields. It can be seen that 
they are quite comitant on right and left 
gaze, which would suggest a divergence 
paralysis. I was trying to point out that, in a 
minimal bilateral sixth nerve paresis, the 
diplopia fields may appear to be the same on 
right and left gaze and thus simulate the 
findings in divergence paralysis. In such 
a case, the examiner should then look for a 
muscle paretic nystagmus on extreme abduc- 
tion. If he finds a nystagmus, then he should 
chart a fixation field. The fixation field is a 
more accurate measurement of abduction 
ability and will therefore show a minimal 
defect which the examiner will frequently 
not be able to observe grossly. If the fixa- 
tion field shows an impairment in abduction, 
then a diagnosis of minimal paresis of the 
sixth nerve can be made. 

Dr. Francis H. ApLer: Could you make 
a diagnosis of sixth nerve palsy with a 
diplopia field that did not increase in the 
direction of action of the palsied muscle? 

Dr. E. Howarp Beprossian: Theoreti- 
cally, one should not; however, if one finds 
nystagmus on abduction a muscle paretic 
nystagmus should be suspected and abduc- 
tion then measured on a perimeter. It is my 
feeling that abduction measurements on the 
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perimeter would be more accurate than a 
diplopia field, in a borderline case. We know 
that cover-test measurements may vary from 
0 to 5 D. clinically, and also the fusion 
factor may alter the red glass diplopia meas- 
urements. Therefore, in minimal cases such 
as these, the fields of fixation should be an 
important differentiating feature. 

There have not been enough cases re- 
ported in the literature, and those few cases 
which have been reported have not had ac- 
curate fixation fields performed. For this 
reason, I am asking that more isolated cases 
be reported with careful studies, so that 
further information and results may be 
obtained. 


Temporal Arteritis. Paut Davipson, M.D. 
(by invitation); NatHan S. ScHLE- 
ZINGER, M.D., and R. MuLLeN, 
M.D. 


Since temporal arteritis is a disease that 
responds to appropriate treatment, early 
diagnosis is necessary in order to prevent 
the onset and progression of its most serious 
sequel, blindness. This is exemplified by a 
67-year-old woman who rather suddenly lost 
the vision of her right eye seven weeks after 
the onset of incapacitating headaches. The 
significant findings initially were a febrile 
reaction with the temperature reaching a 
level of 102 F; tenderness over the temporal 
and occipital arteries ; blindness of the right 
eye with pallor of the right optic disc and 
attenuated retinal arterioles. The condition 
failed to improve with antibiotic therapy 
and low-dosage steroid therapy. A progres- 
sive course included near loss of vision of the 
left eye and episodic mental confusion. The 
establishment of the diagnosis of temporal 
arteritis and the administration of cortisone 
in a dose of 300 mg. daily resulted in prompt 
and dramatic remission of all symptoms 
except impaired vision. A biopsy of the 
temporal artery showed complete occlusion 
with characteristic alterations in the vessel 
wall, including many giant cells in the media. 

Temporal arteritis is an acute form of 
“giant-cell arteritis” of unknown etiology. 
There is no sex predilection. The prodromal 
symptoms may resemble rheumatoid arth- 
ritis. Although any artery in the body may 
be affected, there is most often involvement 
of the temporal and retinal arteries. Ocular 
involvement occurs in about 40% of cases, 
with equal incidence in this group of uni- 
lateral and bilateral blindness. The visual 
loss is almost completely irreversible. The 
most effective treatment thus far has been 
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cortisone therapy in large doses. Apparently 
this is able to prevent the onset and progres- 
sion of blindness, but it will not restore 
vision that is lost. 

Dr. NaTHAN S. SCHLEZINGER: | think 
the presentation has been comprehensive 
enough to probably make much discussion 
unnecessary. I think the main purpose is 
served by bringing to the attention of those 
here the problem of temporal arteritis in 
terms of diagnosis early and proper treat- 
ment in order to avoid the unfortunate, 
tragic advent of blindness. Now, in this 
particular patient, | think we would want to 
recognize how at first glance an infectious 
disease would be seriously considered. 

In retrospect, one would begin to ap- 
preciate that, in the study of this patient, the 
blood cell count would certainly raise a ques- 
tion as to what kind of an infectious disease 
would be present with a normal blood cell 
count. It ought to also raise the question of 
a disease which is well known to be associ- 
ated with a normal blood cell count. That 
kind of blood cell count and a rapid sedi- 
mentation rate are commonly observed in a 
collagen disease. I would say that this was 
the type of patient who is sick enough when 
first observed in the hospital to make it 
difficult to obtain accurate details with regard 
to her symptoms. These were in many re- 
spects obtained later. In other words, she 
had a mental picture which is not infre- 
quently observed in serious cases of tem- 
poral arteritis; she was confused and 
considered to have evidence of an organ 
mental [sic] syndrome when first observed 
in the hospital. I do not think that the 
therapy which was initially directed toward 
an infectious disease did not include adequate 
cortisone therapy. 

Now, of course, when the diagnosis was 
established, you have been shown how im- 
mediately the dramatic results were obtained. 
Within a period of 12 hours this patient 
became asymptomatic in terms of her pro- 
found general manifestations. The head- 
aches were almost gone. The vision 
somewhat improved in the one eye that had 
been the latest to be involved, and we had 
then subsequently the picture of continued 
improvement,. with the patient requiring a 


rather large amount of cortisone therapy. 
I think also in looking back we can see possi- 
bly the precipitations of involvement of the 
eyes here when corticoid therapy that was 
administered over a period of a year or 
longer was stopped, when this patient de- 
veloped an ear infection. It is likely that a 
continuation of cortisone therapy might well 
have prevented the exacerbation which in- 
cluded the involvement of the retinal vessels, 
affecting the vision. I think that one will al- 
ways have to bear in mind, in persons who 
are being treated with prolonged corticoid 
therapy and who may be potential subjects 
for temporal arteritis, the need to be on the 
alert for the development of a temporal 
arteritis syndrome whenever such therapy is 
terminated. I have the impression that I 
have seen in consultation some “burned out” 
cases of unrecognized temporal arteritis. In 
other words, these would be patients who 
have developed blindness and in whom the 
symptoms of a general nature were not so 
pronounced as they were in this case but in 
whom symptoms presumably had subsided 
spontaneously, as they did in this case. 

I think that ophthalmologists should each 
and every one review in their minds the 
kind of cases that might conform with the 
clinical picture that has been presented this 
evening. Obviously, early diagnosis is essen- 
tial, because when blindness has developed 
it is too late to expect results from corticoid 
therapy. 

Dr. I. S. TassMan: The condition is 
difficult to recognize, and it is important to 
be able to make a diagnosis early. After the 
eyes are involved the visual impairment is 
usually beyond recovery, as it was in this 
case. This particular patient presented 
symptoms that could have directed the atten- 
tion of the ophthalmologist in another direc- 
tion, and evidently there was not much 
reason to think of temporal arteritis as the 
cause until rather late. I should just like to 
ask whether the patient is still under treat- 
ment. 


Dr. Paut Davinson: Yes, the patient is 
still receiving 200 mg. a day, and the local 
doctor has been unable to cut that down 
because of exacerbation. 
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News and Comment 


ANNOUNCEMENTS 


Ophthalmic Plastic Surgery.—A three week intensive course in ophthalmic 
plastic surgery will be conducted in New York, April 7, 1958. 

The course will consist of lectures, sessions in doctors’ offices, preliminary 
and follow-up cases that are operated on during the time of the course, moving 
picture demonstrations of various ophthalmic plastic procedures, observation and 
assistance at the operating table on actual surgical cases, cadaver work, with 
lectures and demonstrations, and ancillary subjects such as photography, pathology, 
and x-ray and radiation. 

The course will be limited to eight students and will be given at the New 
York Eye and Ear Infirmary; Manhattan Eye, Ear and Throat Hospital, and 
Hempstead General Hospital. The fee will be $250.00. 

Anyone interested should contact the registrar of the New York Eye and 
Ear Infirmary Post-Graduate School or any of the following: Wendell L. Hughes, 
Hempstead, N. Y.; Byron C. Smith, New York; J. Gordon Cole, New York. 


Stanford Spring Postgraduate Conference in Ophthalmology.—Stanford 
University School of Medicine will present the annual postgraduate Conference 
in Ophthalmology from Monday, March 31, through Friday, April 4, 1958. 
Registration will be open to physicians who limit their practice to the treatment 
of diseases of the eye or of the eye, ear, nose, and throat. In order to allow 
free discussion by members of the conference, registration will be limited to thirty 
physicians. 

Instructors will be Drs. Dohrmann K. Pischel, Jerome W. Bettman, Max Fine, 
Earle H. McBain, and Arthur Jampolsky. 

Programs and further information may be obtained from the Office of the 


Dean, Stanford University School of Medicine, 2398 Sacramento St., San Fran- 
cisco 15, 


University of Michigan Medical School.—The annual Ophthalmology Con- 
ference will be held April 21, 22, and 23, 1958. 

The conference will be presented by Dr. F. Bruce Fralick and the staff of 
the department of ophthalmology at the University Hospital. Guest speakers 
will be Drs. Max Chamlin, Paul A. Chandler, S. Rodman Irvine, Henry P. 
Wagener, and George N. Wise. 


Application may be addressed to the Department of Postgraduate Medicine, 
University Hospital, Ann Arbor, Mich. 


New York Society for Clinical Ophthalmology.—The Annual Participating Con- 
ference of the New York Society for Clinical Ophthalmology will be held at the 
Waldorf-Astoria Hotel on Friday and Saturday, March 28 and 29, 1958. The registra- 
tion fee, which includes luncheons, is $50.00. Those interested should contact the 
Registrar, Miss Gloria Benabo, 737 Park Ave., New York. 


GENERAL NEWS 


Ophthalmological Society of Australia—At the Seventeenth Annual Gen- 
eral Meeting of the Society, held at the Royal Australasian College of Surgeons, 
Melbourne, Victoria, on Sept. 29 to Oct. 4, 1957, the following office-bearers 
were appointed for the ensuing year: President, Dr. Michael Schneider, Adelaide, 
South Australia; Secretary, Dr. Peter A. Rogers, Sydney, New South Wales. 

The Eighteenth Annual General and Scientific Meeting of the Society will be 
held at Adelaide, South Australia, in the week commencing Oct. 6, 1958. 


PERSONAL 


Dr. Everett L. Goar.—Dr. Everett L. Goar, Professor of Ophthalmology, 
Baylor Medical School, Houston, Texas, has been elected an Honorary Member 
of the Alumni Association of the New York Eye and Ear Infirmary in recog- 
nition of his outstanding contributions to teaching and research in ophthalmology. 
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Need 


If you do low vision refractions 
If the time it takes to get 
© prescriptions is irksome 
0) You'll be interested in Continental 
High Power Ultex lenses. 
“YK \W) Continental is now carrying Ultex semi- 
we (e 4 finished blanks in stock at Indianapolis, 
with near segments of 1.2X, 1.5X, 
vay 1.75X, 2X, 2.5X, 3X, 4X and 5X. This 


power range covers the area of greatest 
demand, lenses are onepiece and color- 
free, definition is exceptional, and 
blanks are sufficiently thick for the 
grinding of distance prescriptions 
where desired. 


There is no need to make the majority 
of your partially sighted patients wait 
for “specials.” Your laboratory can 
furnish their prescriptions in High 


Power Ultex immediately. 


To make accurate refracting easier, a set of 
High Power Ultex test lenses is available. 
Ask your laboratory about it. 


INDIANAPOLIS 


YOUR 
GUIDE TO 


CURRENT PUBLICATIONS 


Quarterly 


Cumulative 
Index Medicus 


WITH AUTHORS AND SUBJECTS... 


Divided into sections, one devoted 
to books and the other to periodical 
literature, the QUARTERLY CUM- 
ULATIVE INDEX MEDICUS con- 
tains a list of current publications 
alphabetized as to authors and sub- 
jects. The exact bibliographic refer- 
ence is given under the author with 

_ titles in the original language, while 
titles under subjects are all in Eng- 
lish. The index also includes a 
listing of journals, addresses and 
publishers. 


SUBSCRIPTION PRICE $25.00 PER YEAR 


The QUARTERLY CUMULATIVE 
INDEX MEDICUS appears twice a 
year; volumes are cloth bound and 
cover periodicals for six months as 
indicated on the publication. These 
two volumes will be a convenient 
and inclusive reference for current 
medical literature. Invaluable for 
practitioners, specialists, teachers, 
editors, writers, investigators, stu- 
dents and libraries. 


CANADIAN AND FOREIGN $27.00 PER YEAR 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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Now available from Benson’s ... 


patient satisfaction 


the new Univis |1.S./22 multifocal 
—the lens with the completely-identifiable segment 


* Distinctive shape of segment gives positive identification 
X Distinctive style protects you and your patients from imitation 


* UNivis quality design and manufacture assures maximum 


CHECK THESE OUTSTANDING FEATURES OF THE I. S./22 LENS: 


¢ Straight top with rounded corners 
— for immediate identification 


Optical center located 4mm. 
below the top of the segment 
for minimum displacement of image 


e Barium crown segment assures 
freedom from annoying color 
aberration 


e Unsurpassed front surface quality 
e Corrected curves 
e Accurate segment power 


Of course... 
famous UNIVIS quality throughout! 


Dedicated to provide unexcelled B service to the ophthalmic professions for over 40 years 


Minneapolis 2, Minn. 


OPTICAL COMPANY. 


COMPLETE LABORATORIES CONVENIENTLY LOCATED IN UPPER MIDWEST CITIES. 
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ALL STAINLESS STEEL 
Jaeger Keratomes 


Mueller Jaeger Keratome blades are 
made from especially selected stain- 
less alloy to hold a good edge— 
handles are stainless, too. Treated to 
minimize rust-spotting and staining. 
Angular only. Small, Medium or 
Large. 


OP 750R—Large. Each 
OP 751R—Medium. Each 
OP 752R—Small. Each 


330 South Honore Street 
Chicago 12, Illinois 


DALLAS HOUSTON LOS ANGELES ROCHESTER, MINN. 


UNIVERSITY OF MICHIGAN 
MEDICAL SCHOOL 


POSTGRADUATE 
CONFERENCE IN OPHTHALMOLOGY 


The annual conference in Ophthalmology will 
be held April 2!, 22 and 23, 1958, at the Rack- 
ham Graduate School Building, Ann Arbor, 
Michigan. 


The conference will be presented by Dr. F. 
Bruce Fralick and Staff, of the Department of 


Ophthalmology, and the following named quest 
lecturers: 


Dr. Max Chamlin, New York City 
Dr. Paul A. Chandler, Boston 
Dr. $. Rodman Irvine, Los Angeles 
Dr. Henry P. Wagener, Rochester 
Dr. George N. Wise, New York 


Application and the fee of $50 may be addressed 
to the Department of Postgraduate Medicine, Uni- 
versity Hospital, Ann Arbor, Michigan. 


THE MOUNT SINAI HOSPITAL 
NEW YORK CITY 


offers a 


POSTGRADUATE COURSE 
IN HISTOPATHOLOGY OF THE EYE 


Given in affiliation with 


COLUMBIA UNIVERSITY 
April 2 to 25, 1958 


Wednesday and Friday, 4 to 6 p. m. 


For application forms and information, address the 
Registrar for Postgraduate Medical Instruction, The Mount 
Sinai Hospital, Fifth Avenue at One-hundredth Street, 
New York 29, N. Y. 
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SURGICAL INSTRUMENTS CO., INC. 
520 FIFTH AVENUE, NEW YORK 36, N. Y. 
Established 1875 


GRIFFITH-ROGERS TRIAL FRAME 


This trial frame is a simple but sturdy and easily adjustable frame that is designed for 
rapid routine examinations over a long period of time. It will stand hard usage. Inter- 
pupillary distance is adjustable by means of a rack and pinion and the bridge height is 
adjusted by the same knob. Bridge may be locked. Temples are of spring steel to sup- 
port the frames in position. Protractor is black with white letters and there are two 
front and one rear pairs of slots for the trial lenses. In stainless steel. Price $29.50 


SCHIOTZ TONOMETER 


Maintenance and Repair Service 
ARE YOUR TONOMETERS STANDARD? 


Many tonometers in use today do not conform to the standards of the 
Committee on Standardization of Tonometers of the 


AMERICAN ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


Most tonometers can be made to conform to these standards. 


Our service includes complete check of all parts for size, weight and friction, cleaning, pol- 
ishing, installing new parts if necessary and recalibrating on perfect 16 mm radius test block. 


All tonometers should be serviced once a year to minimize friction. 

Complete service cost is $6.00 plus cost of new parts and mechanical alterations if necessary. 
Pack well and always send FIRST CLASS MAIL. 

Tonometers not requiring mechanical alterations will be returned in two days. 

We have new certified tonometers for rental at modest cost if needed until your tonometers 


R. O. CULDEN 


225 Cadwalader Ave. Elkins Park P. O. Philadelphia 17, Pa. 
Manufacturer of the Berens-Tolman Ocular Hypertension Indicator 
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Determining acuity, convergence. 
and punctum proximum of accommodation 


Instruments of ophthalmology: Costenbader Accommodometer 


are done efficiently with the Accommo- 


dometer. Held in one hand, it presents 
a variety of easily changeable symbols 
at close distances measured from the 
outer orbital rim. Acuity at one-third 
meter is determined by symbols graduated 
from 20/400 to 20/20. 


you 


ACCOMODATIVE ESOTROPIA 
Accommodometer valuable for determining accurately the least hyperopic 
correction which will maintain good vision and good binocular alignment. 
Various techniques are described in literature we will be happy to send 


diagnosis and treatment finds the 


Catalog on request: 
518 Powell St. 
San Francisco, California 


DVORINE 


| PSEUDO- 
''SOCHROMATIC 
PLATES* 


OFFER THESE 
EXCELLENT 
FEATURES 


test for color nomenciature, to distinguish the color 
* Shin from the color ignorant. 


© A special section for testing very young children and 
illiterates. 


The set A, pastes with eight different color 


identification of specific con- 
fusion col 


*The Dvorine Color Vision Test is letothe | 


Price of set $15.00 
Less 5%, if check accompanies order 
SCIENTIFIC PUBLISHING CO. 


Dept. A—2328 Eutaw Place 
Baltimore 17, Maryland 


GILL MEMORIAL EYE, EAR 
AND THROAT HOSPITAL 


Announces to the Profession 


THIRTY-FIRST ANNUAL 
SPRING CONGRESS 
in 
OPHTHALMOLOGY AND OTOLARYNGOLOGY 
April 14 through April 19, 1958 
GUEST SPEAKERS 


David B. Aliman, M.D. 
Edwin N. Broyles, M.D. 
John J. Conley, M.D. 
George Crile, Jr.. M.D. 
Fred W. Dixon, M.D. 
Leon Goldman, M.D. 
Roscoe J. Kennedy, M.D. 
Perrin H. Long, 
Donald J. Lyle, M. D. 


Atlantic City, New Jersey 
Baltimore, Maryland 
New York, New York 
Cleveland, Ohio 
Cleveland, Ohio 
Cincinnati, Ohio 
Cleveland, Ohio 
Brooklyn. New York 
Cincinnati, Ohio 


Sylvester C. Missal, M.D. Cleveland, Ohio 

C. Stewart Nash, M.D. Rochester, New York 
Edward W. D. Norton, M.D. New York, New York 
W. E. Pembleton, M.D. Richmond, Virginia 
Winston H, Price, Ph.D. Baltimore, Maryland 
Donald M. Shafer, M.D. New York, New York 


Benjamin H. Shuster, M.D. 
Byron Smith, M.D. 

Norah duV. Tapley, M.D. 
Richard C. Troutman, M.D. 
Henry P. Wagener, M.D. 
James W. Watts, M.D. 
Lorenz E. Zimmerman, 


Philadelphia, Pennsylvania 
New York, New York 
New York, New York 
Brooklyn, New York 
Rochester, Minnesota 
Washington, D. C. 
Washington D. C. 


M.D. 


For Further information Write: 


Superintendent, P. O. Box 1789, Roanoke, Virginia 
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In bifocals, some like ’em wide and others 
like ’em wider. Univis D-25 mm. and 
D-28 mm. multifocals are the perfect 
answer for your wide segment Rx’s. Both 
have superior Univis quality and both 


Now ...as always... 


The 


have Nu-Line treatment of the segment 
lines. This treatment assures you happier 
patients as well as posi*ive identification. 


corrected curves 


Made, serviced and warranted by UNIVIS LENS Company 


Dayton, Ohio 


ld | i 
entical twins in quality... 
only the segment width changes f 
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Top-Grade Technical Performance 


. . @ Safeguard for Your Professional Skills and 
Judgment. 
{Your prescriptions, conceived from your rich fund 
of scientific knowledge laboriously developed 
through years of study, training and experience, 
are at the mercy of the dispensers who inter- 
pret them. They will be safe in the hands of | 
Dow seasoned craftsmen, whose devotion to the | 
exacting standards which your professional rep- 
utation demands, and which our firm has 
consistently maintained throughout its 3! years 
of existence, is a guarantee of complete patient 
satisfaction. 


DOW OPTICAL CO. 


W. DOW, Pres. 


Chicago, Ill. Bloomington, Ill. 


| URGENT REQUEST | 
| The Uveitis Laboratory, University of Californic 
School of Medicine, San Francisco, is interested te 
obtain freshly enucleated eyes from patients witt 
all types of uveitis and other endogenous inflamma 
tions. Attempts are being made to isolate etiologi 
agents from these eyes. 


WOULONT MAY-O-LITE 


INCREASE YOUR PATIENT'S 
SATISFACTION WITH THIS 


PRESCRIPTION! 


The eyes should not be fixed in preservatives o 
we frozen, but placed in a sterile bottle, packaged, and 
SS shipped as quickly as possible. Please send speci 
mens air express, special delivery, collect. Enclose 
ASS SSS history and findings and mark the package “Fres 
SS Tissue Specimen—Rush.” 
If You Wear Glasses and Drive at Night A report of isolations of organisms and pathologi¢ 
findings, including a slide, will be sent to the con 
~ tributor. Credit will be given in any resulting pub 
pwn ad clear vision and add to the chore of night lications if desired. 
nesium rr ps n Vv er. 
Cc lete Your Professional Service By Adding Telegraph collect it specimen being sent. 


P 


Send eyes to 
The Best in Sight Samuel Kimura, M.D., Michael J. Hogan, M.D., or 


MAY-0-LITE Phillips Thygeson, M.D. 
Lew Reflection Coating University of California School of Medicine 
San Francisco 22 


MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. 
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20/20 WITH TRIAL LENSES ... and 


20/40 WITH FINISHED GLASSES 
VERTEX 


DISTANCE USE THE 


LENSCOROMETER 


AUSTIN BELGARD PRODUCT 


When lens in the trial frame is twelve millimeters from the eyes, and the finished 


glasses are eight millimeters away, the effective power of a +12.00 will be only 
+ 11.37. 


To insure true translation of prescriptions, in corrections of 5 diopters or more (—) 
or (+), use the Lenscorometer. 


109-111 NORTH WABASH AVENUE, CHICAGO, ILLINOIS 
1139 CENTRAL—WILMETTE, ILLINOIS 


| “CONTACT LENSES" 
| new 800-page book 


d 800 pages of pertinent information on all phases 
of contact lenses. 


2) 197 illustrations, many in full color. 


More than 600 papers and textbooks cited in 
bibliography. 


Authors: Theo. E. Obrig and Philip L. Salvatori, 
well-known pioneers in the field. 


5) Just published. $15 per copy. 
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All of 

these articles have 

eppeared in TODAY’S HEALTH 
and are now available 

in one pamphlet, 


ALCOHOLISM 


an 


important 


problem 


in today’s living 


ADDRESS REQUESTS TO: 


CHICAGO 10, ILLINOIS 


THE ABOVE SIX PAMPHLETS ARE AVAILABLE 
IN BOOKLET FORM FOR ONLY 50 CENTS 


8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES 


A discussion of the dangers of mixing alcohol ana bar- 
biturates. 


4 pages, 10 cents 


ORDER DEPARTMENT 
AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 


ALCOHOLICS ANONYMOUS 


Written from the standpoint of a member, the basic 
treatment procedures are described and the psychological 
problems confronting the alcoholic are discussed. 


ALCOHOL AND CIRRHOSIS OF THE LIVER 


Relationship between alcohol, diet and cirrhosis. Increasing 
stress on nutritional differences. 
by Russell S. Boles 


HOW TO HELP A PROBLEM DRINKER 


Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition. 


by Edward A. Strecker and Francis T. Chambers, Jr. 


THE TREATMENT OF ALCOHOLISM 

Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 

by Lewis Inman Sharp 


CONDITIONED REFLEX TREATMENT 
OF CHRONIC ALCOHOLISM 
Its place among methods of treatment today, 


its development and correlation with personality factors. 
by Walter L. Voegtlin 


INSTITUTIONAL FACILITIES FOR THE 
TREATMENT OF ALCOHOLISM 
Comparative differences, in drinking, with 


the last century, new establishments and methods of treatment, 
lack of trained personnel. 
by E. H. L. Corwin 


HOW EXPERTS MEASURE DRUNKENNESS 


A partial transcript of an actual courtroom case. 
H. A. Heise 


Donald A. Dukelow 


te 
| 


li 
Pp 


itt the instrument — it's @Ne battery replacements — 
ed and ready to usé: Re- light weight handles. 


ace light goes out. 8’ cotled cords 
Handles for two instruments— — wide scope of use withou 
saves frequent changing of trailing extension cords. 


on each handle 


heads. 


yf Maximum brilliance of illumi- Easily mounted — 
nation without Over oading of Easily mownty connects to 


lamps is assured with rheostat regular 110-120 v. A C. 


an easily-read voltmeter. No. 745-AT YOUR SURGICAL SUPPLY 
Lamps last longer- DEALER NOW 


@ Binding posts for cord tips. 


po er 
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USES: Easiest way to examine fundus to the extreme 


periphery. Particularly useful in examining retinal 
detachments, tumors, retrolental fibroplasia, perfora- 
ting wounds, and other pathological conditions prac- 
tically impossible to examine adequately by other 
means in the region anterior to the equator. By means 
of scleral depression technique allows viewing of 


the ora serrata and the posterior portions of the pars 
plana ciliaris. 


ADVANTAGES: The only self-luminous stereoscopic 


indirect ophthalmoscope. Wide field of view excel- 
lent for viewing general fundus topography. Three 
dimensional image and exceptional depth of focus 
clarify details of irregular depth. Brilliant illumina- 
tion. Single, adjustable lightweight head supported 
unit leaves both hands free for holding viewing lens 
and instruments. 


American Optical Company, INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 


Amnouncing/ An Improved Model of 
AO-Schepens Binocular Indirect OPHTHALMOSCOPE 


NEW: Adjustable padded leather 
headband individually positions in- 
strument more comfortably. 


NEW: Mirror positioned quickly 
and precisely by means of new easy- 
to-use control knob. 


NEW: Scleral depressor and case 
now supplied with the ophthalmo- 
scope. 


NEW: Compartmented carrying 
case will hold complete unit including 
accessories, spare bulbs and recom- 
mended transformer. 
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Take a number from 1 to 10... 
or even to 20...and you still can't give 
your patient a better, more effective neutral 
absorptive filter in bifocals or 3-ways than 


@ retains remarkably normal color values... 
® bars both the abiotic and erythemal ultra-violet... 


Be =. 


} ®@ bars 90% of the infra-red, even to 4,800myp...- 


@ now in these dependably Ist-quality multifocals... 


t 


vision, you might say, with Chareoal-filtered sunlight! 
MODERN OP Tes. Incor, porated —uouston TEXAS. 
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Vanderbilt Projection Perimete 


© for quicker, easier and more thorough testing 


All the salient features of the well known Vanderbilt Projection Perimeter are 


tained in this new instrument, plus improved design, to facilitate quicker, easier and 
more thorough testing. 


The improved design permits: 
* More positive positioning of patient 


© Use of direct reading charts 


® Direct plotting of both fields 
_ ® Recording at every 15 degrees 
® Use of standard 12 v. bulb 


¢ Simple centering and focussing of light 


@ Transformer and switch built in 


© Perimeter to fit any standard table 


— by retractable rod and spring-loaded 
chinrest. 


— easily inserted and removed from paddle 
holder 


—on one chart, without removal from holde 
— arc holds positive position at every 15° 


— eliminates extra equipment on or unde 
table 


— no overhang of chinrest, or need for specie 


table 


Distributors: 
Chicago: 
San Francisco: 
Los Angeles: 
Pittsburgh: 


The House of Vision, Inc. 
Parsons Optical Laboratories, Inc. 
Superior Optical Supply Co. 

The Doig Optical Co. 


CURRY & PAXTON, INC. 
866 Willis Avenue 
Albertson, Long Island, N. Y. 


“Helping the World to Better Vision’ 
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— «builtin control complete contr 


TARGET”... 


for successful topical 
eye therapy... 


METIMYD 


(prednisolone acetate and sulfacetamide sodium) 


e ophthalmic suspension 


antiallergic - antibacterial - anti-inflammatory 


e ointment with neomycin 
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a complete armamentarium for 
topical eye therapy 


comprehensive therapy for ocular 
inflammation, infection, allergy 


METIMYD ophthalmic suspension 


METICORTELONE® Acetate 5 mg. (0.5%) and 
Sodium SuLAMybD® 100 mg. (10%) each cc., 5 cc. 
dropper bottle. 


for more potent antibacterial effect 
METIMYD ointment with NEOMYCIN 


METICORTELONE Acetate 5 mg. (0.5%), Sodium 
SuLaMyp 100 mg. (10%) and neomycin sulfate 
2.5 mg. (0.25%) each gram, ¥% oz. applicator tube. 


for resistant ocular allergies 
METRET ON’ ophthalmic suspension 


METICORTELONE Acetate 2 mg. (0.2%) and 
CHLOR-TRIMETON® (chlorprophenpyridami 
gluconate) 3 mg. (0.3%) each cc., 5 cc. dropper 
bottle. 


for ocular infections 


Sodium SULAMYD 
ophthalmic solution 


Sulfacetamide Sodium U.S.P. 30%, 5 and 15 cc. 
dropper bottles. 

Sulfacetamide Sodium U.S.P 10% with 0.5% 
methylcellulose, 15 cc. dropper bottle. 


Sodium SULAMYD 
ophthalmic ointment 


; Sulfacetamide Sodium U.S.P. 10%, % oz. tube. 
SCHERING CORPORATION 


BLOOMFIELD, NEW JERSEY 
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Figure 1 


SCHEIE AND FLEISCHHAUER 


Figure 5 


Figure 4A Figure 4B 


Figure 3 
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ophthalmic products 
with distinctive advantages... 


e their wide-spectrum bactericidal activity includes 
ALL clinically isolated strains of Pseudomonas aeruginosa, 
a serious invader noted for the rapidity of its destructive powers. 


e their component antibiotics rarely sensitize. 


brand Polymyxin B-Gramicidin-Neomycin 


ANTIBIOTIC OPHTHALMIC SOLUTION 


Available in bottles of 10 cc. with sterile dropper. 


brand Polymyxin B-Bacitracin-Neomycin 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes. 


‘CORTISPORIN 


with 1% Hydrocortisone 


ANTIBIOTIC OINTMENT 


Available in % oz. ophthalmic tubes, 


& BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 


i 
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LLER GAN | Specialists in Ophthalmic Preparations 
° 


CORPORATION Los Angeles 17, Calif. 
* Composition of Prednefrin: Prednisolone acetate, phenylephrine HC1, Methylcellulose in 0.12% concentrations. 
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